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RESUME OF PRODUCER-GAS INVESTIGATIONS. 

OCTOBER I, I904-JUNE 30, I9I0. 



By R. H. Febnald and C. D. Smith. 



INTRODUCTION. 

By R. H. Fernald. 
FLAK AND FUBPOSE OF DTV^ESTIGATIONS. 

When the United States Geological Survey began operations at 
the coal'-testing plant erected at the Louisiana Purchase Ebq>osition 
at St. Louis, Mo., in 1904, it had already outlined a comprehensive 
plan for the systematic study of coals, Ugnites, and other mineral 
fuels with reference to their suitabihty for particular purposes and the 
methods by which they could be utiUs^d most efficiently. Recog- 
nizing the need of information on the relative economy of producer 
gas as compared with steam for power purposes and the lack of com- 
parable tests of American coals in the gas producer, the Geological 
Survey undertook investigations of the merits of different coals as 
producer fuel for the purpose of promoting efficiency in the utilization 
of the nation's fuel supplies. These investigations were carried on at 
St. Louis, Mo., and, later, at Norfolk, Va., and Pittsburg, Pa. 

The act of Congress approved May 16, 1910, transferred the fuel- 
testing work being carried on by the Geological Survey to the Bureau 
of Mines. This bureau is conducting producer-gas tests at Pittsburg, 
Pa., and is pubUshing and distributing reports relating to all the fuel 
tests made by the Survey. 

These investigations into the possibiUty of generating producer gas 
in a commercial way for power purposes from the various fuels of the 
country have been associated with steaming, briquetting, coking, 
and other tests, all of which supplemented an examination into the 
nature, extent, and distribution of the fuels. The tests have all 
been made with carefully selected representative samples and carload 
lots of materials procured specially for the purpose by experienced 
coUectors. 
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The inyestigations promise to yield a particularly important result — 
the development of greater efficiency in the use of all fuels. This 
result is of specific importance in States remote from coal supplies, 
for example, in New England, where the rapid growth of various 
industries in the last few years has made the coal problem important. 
No coal is mined in that part of the coimtry, the supply coming from 
Pennsylvania, West Virginia, and Virginia, and a little of it from 
Canada. Thus manufacturers in New England have to pay for trans- 
porting fuel from the coal fields and yet compete with manufacturers 
who have coal at their doors. This condition has led to the general 
discussion of the coal problem in the New England States and even 
to the appointment of committees of manufacturers to consider 
methods of relief. 

The investigations made by the United States Greological Survey 
and the Bureau of Mines indicate that marked economies can be 
gained by a general use of the gas producer in New England and, 
moreover, that these economies will be sufficient to overcome the 
handicap placed on the industries there by coal transportation 
charges. In 1902 the coal consumed to produce steam power for 
manufacturing purposes in the New England States cost approxi- 
mately $50,000,000, and the annual fuel bill of these States now 
approximates $100,000,000. The development of this power throu^ 
the more efficient method suggested by these investigations would 
mean a yearly saving of many millions of dollars. 

Many States of the West that have no good coal are also greatly 
benefited by the investigations, which have shown the adaptability 
of the gas producer for the utilization of low-grade coal, lignite, peat, 
etc. As mined these fuels are not suited for use in boiler furnaces 
and will not bear long transportation, but the gas producer makes 
them of potential value. Thus the gas producer is an agency of con- 
servation. It helps to keep low-grade coals from being permanently 
lost by being left in the mines in such condition as to make their 
future recovery impossible. In States in which deposits of low-grade 
coal, lignite, and peat are found the present cost of power, as developed 
in steam plants with coal that has been shipped a considerable dis- 
tance, can be materially reduced by placing producer plants at the 
mines or bogs, so as to utilize these cheap low-grade fuels without 
cost of shipment, by generating electric current which can easily be 
transmitted to desired points within a wide radius. 

BEPOBTS ALBBAPY PUBLISHED. 

Producer-gas investigations, including a systematic examination 
of fuel values and the most economical methods of utilizing the coals 
and lignites of the United States, were undertaken at the coal-testing 
plant of the Geological Survey at the Louisiana Purchase Exposition 
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at St. Louis in 1 904. The results of the initial tests, showing that most 
American bituminous coals and lignites would make good producer 
fuel, were so encoiu'aging that the investigations were continued as 
an essential part of the researches of the Survey in its examination of 
mineral fuels in the United States. 

A preliminary report summing up the work of the producer-gas 
plant at the Louisiana Purchase Exposition was published in Bulletin 
261, and a detailed description of the plant, the coals tested, and the 
methods of conducting tests and of computing results was given in 
Professional Paper 48, part 3. Brief summaries of the more impor- 
tant results of the tests made at St. Louis from May 1 to December 31, 
1905, appeared in Bulletin 290. The period from January 1, 1906, 
to February 8, 1907, was similarly covered by Bulletin 332. At the 
latter date the St. Loms fuel-testing plant began to be dismantled in 
consequence of the closing out of the affairs of the Louisiana Pur- 
chase Exposition, and the producer-gas, steaming, and briquet equip-« 
ments were moved to Norfolk, Va. This city was selected as the 
site of operations because it was desirable to test coals suitable for 
naval use and because buildings and materials were offered by the 
Jamestown Exposition Company. 

After the close of the Jamestown Exposition the principal station 
for testing fuels and structural materials and for carrying on investi- 
gations relating to mine accidents was established by the Survey at 
Pittsburg, Pa. In taking up the producer-gas investigations at this 
point it was deemed wise to make a special study of low-grade fuels. 
The producer plant used at St. Louis and Norfolk was returned to 
the manufacturers in accordance with arrangements that had been 
made with the companies supplying it and a different type of plant 
was installed. 

SCOPE OF THIS BEPOBT. 

The tests which have been conducted are of two classes, (1) those 
made with the pressure-producer installation used at St. Louis and 
Norfolk, and (2) those made with the down-draft producer plant at 
Pittsburg. Detailed accounts of the tests of groups (1) and (2) form 
Parts II and III, respectively, of this report. Part I consisting of a 
general and detailed discussion of producer gas and producer-gas 
plants. The first portion of Part II covers the following tests: 

(a) A r6sum6 of the 24 tests made at St. Louis, originally described 
in Bulletin 261 and Professional Paper 48, including a reproduction 
of the graphic logs and essential results. 

(b) Short-time tests (138 in number) conducted at St. Louis on a 
large variety of bituminous coals and lignites from a wide extent of 
territory, including some of the principal coal fields of the United 
States. These tests were briefly sununed up in Bulletins 290 and 332. 
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(c) Tests at Norfolk on coals which reach the seaboard at the 
shipping points of lower Chesapeake Bay and are largely used by the 
Navy and by the merchant marine. 

The results of all these tests have been combined in making up 
the tables, but the methods of testing and the problems involved in 
the tests of group (c) differ so much from those of groups (a) and (6) 
that the details of procedure for the Norfolk work are presented as 
distinct chapter. 

The problems taken up at the Pittsburg station during 1908 and 
1909 involved new apparatus and a totally different method of pro- 
cedure. On tliis account no attempt is made to combine the results 
of this work with those previously obtained, but, as already stated, 
the data for the Pittsburg work are presented as Part III of this 
report in order that the one bulletin may include a somewhat detailed 
account of the producer-gas investigations of the Survey from the 
beginning of the work on October 1, 1904, to the close of the fiscal 
year ended June 30, 1910. 

The purpose of this report is, therefore, to present in convenient 
form all the more important data accumulated in the course of the 
tests described, in order that the results may be readily accessible 
both to Government officials having charge of the design, purchase, 
or care of power plants and to all persons interested in the develop- 
ment of the internal-combustion engine and the gas producer as 
means for utiUzing the energy of fuels. It is beUeved that the results 
achieved with the equipment described are so full of promise as to call 
for more extended research. The efficiencies obtained show the 
possibilities of the gas producer as a factor in reducing waste in the 
use of coals and lignites and in conserving the fuel resources of the 
United States. 

STJIOCABY OF FUELS TESTED. 

By means of the producer-gas plants 195 tests have been made. 
Bituminous coals, lignites, and peats from 28 different* States were 
used, as indicated in Table 1. 
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Table 1. — Classification of samples tested, by kind and locality. 



Locality. 


Bltmni. 
nous coal. 


8ub- 

bitumi- 

nous coal. 


Lignite. 


Poat. 


Bone 
coal. 


Mlacel- 
laneous. 


DnpU- 
cate. 


Total. 


Alib«n%. . , 


3 










3 


Amntliia. . . . 








«1 


1 


3 


ArfauwM. , . 


2 
1 




1 


' 


3 


Fmi]. 




I 






1 


OaUfomia 


1 
1 


1 




bi 


2 


5 


Colondo .. 




1 


1 


Fitvldft. , 






1 








1 


mhMhi 


15 
2 

1 
2 
5 






1 




2 
4 


32 


Tndtaiui . 












19 


Tiidlin Territflry ... . 












2 


Iowa .' 














1 


Kmbsm. . . 












1 


3 


Kffntocky 












5 


If mum ?H>w^** 






1 
1 








1 


ICIehinn 














1 


Mlflmrl.. . 


1 












1 


Mflntana 


3 












3 


Nffw M«irtfo 


3 












3 


North Caroliiia. 






1 








1 


North Dakota 






6 






1 
1 
4 
1 
1 
1 


7 


Ohio 


10 
10 










11 












el 


31 


Fh<Ml^'TfflaTi4l 










4 




8 












9 






7 






8 


iTtah. . 


1 
6 
1 

16 
5 


i 




1 


3 








1 : *i 


3 

1 
2 


11 


WaibinKton.. 


3 






5 








2 


20 


wyoiDloc. .....•.••..• 


1 









Notdealsiiated: 

Coka hraese 








1 
1 

1 




1 














1 


Wadiery refttse 












1 


















127 


10 


15 


4 


4 


10 


25 


195 



• Slack. 

ft Ufnite and dnders. 



e Washery refuse. 
d Anthracite. 



e Pea anthracite. 



Table 2 presents a condensed summary of the most important 
items relating to the coals and lignites tested in the gas producer. 
Figures are also given for Florida peat, although but one sample of 
it was received. It should be noted that in this table all items which 
are affected by the load factor are given only for loads ranging from 
W) to 100 per cent of full load (235 brake horsepower for this plant). 

The results of these tests, as given in the accompanying tables, 
have been subjected to absolutely no refinements. In general, only 
one test has been made on each sample, and the result of each test 
has depended to a great extent on the ability of the producer 
operator to become familiar with the method of handling the fuel 
during a period of eight or ten hours preceding the official test. It 
should also be borne in mind that all the St. Louis tests, whether on 
bituminous coal, lignite, or peat, have been made in producers of the 
same size and type — designed primarily for use with anthracite — 
and that the tests have necessarily been made and the required 
power has been generated without regard to the proper relation 
between the gas-producing qualities of the coal and the fuel-bed area. 
The tests have been conducted under the restrictions of a constant 

87080*»— BuU. 1»— 11 2 
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engine load (235 brake horsepower), and not with a view to deter- 
mining the maximum power-producing quality of the fuel. 

Table 2. — Summary of important items in remits of tests 1 to 169 



Item. 



B. t. u. per pound, with 90 to 100 per 

cent load (tests over 30 hours) 

Cubic feet of gas per pound 

Pounds per square foot of fuel l>ed per 

hour 

Pounds per E. II. P. per hour 

B. t. u. pier cubic foot of standard gas. . 
B. t. u. per B. II. P. per hour (full 

load) 

Pounds of tar, soot, etc., per ton of 
fuel as fired: 

Water not extracted 

Water extracted 

Composition of fuel (per cent): 

Moisture 

Volatile matter 

Fixed carbon 

Ash 

Sulphur (separately determined). 
Volimietrlc analysis of eras (per cent): 

Carbon dioxide (COj) 

Oxygen (0|) 

Ethylene (CsH«) 

Carbon monoxide (CO) 

Hydrogen (Hj) 

Methane ((3H4) 

Nl trogen ( Nj) 



Bituminous coal. 



As fired. 



Dry. 



Tests 
aver- 
aged. 



112 
101 

112 
112 
112 

101 



47 
13 

112 
112 
112 
112 
112 

112 
112 
112 
112 
112 
112 
112 



Aver- 
age. 



12,372 
61.1 

7.64 

1.52 

15a 9 

11,418 



354 

287 

a66 

32.78 

5a 59 

9.97 

2.32 

9.71 

.02 

.19 

19.03 

13.48 

2.78 

54.79 



Maxi- 


Mini- 


mum. 


mum. 


14.674 


9,338 


loas 


41.6 


12 42 


&07 


2.93 


.97 


176.0 


12a 2 


14,700 


9,516 


747 


118 


624 


92 


14.77 


1.36 


42.46 


14.72 


76.42 


32.83 


21.73 


2 67 


7.36 


.28 


14.80 


a33 


.50 





.70 





24.50 


1210 


1&60 


7.20 


6.52 


1.60 


63.46 


48.30 



Tests 
aver- 
a«Bd. 



112 
101 

112 
112 



Aver- 
age. 



13,228 
65i2 

7.00 
1.41 



Mazi- 
mum. 



15,073 
103.5 

1L16 
245 



Mini- 
mom. 



10,666 
4a9 

4.90 
.95 







Sub bitiuninous coal. 






Item. 


As fired. 


Dry. 




Tests 
aver- 
aged. 


Aver- 
age. 


Maxi- 
mum. 


Mini- 
mum. 


Tests 
aver- 
aged. 


Aver- 
age. 


Maxi- 
mum. 


Mini- 
mmn. 


B. t. u. per pound . with 90 to 100 per 

cent load (tests over 30 hoiurs) 

Cubic feet of gas per pound 


7 
6 

7 
7 
7 

6 

2 
2 


9.912 
39.3 

11.02 

233 

150.0 

11,992 

250 
224 

15.04 
34.27 
39.44 
11.25 
.90 

11.16 
.12 
.20 

17.52 

14.41 
3.64 

52 95 


10,685 
45.9 

14.78 

3.28 

181.5 

13,950 

260 
338 

2a 24 
38.41 
45169 
15.47 
2 96 

13.40 
.55 
.60 

23.20 

19.30 
5.00 

50.20 


8,530 
321 

8.46 

1.63 

145.9 


7 
6 

7 

7 


11,676 
4&0 

0.32 
1.97 


12,798 
528 

12 22 
2 75 


ia331 
88.8 


Pounds per square foot of fuel bed per 
hour 


7.56 


Pounds per E. 11. P. per hour 

B. t. u. per cubic foot of standard gas. . 
B. t. u. per B. H. P. per hour (full 
load) 


1.45 


9,700 

257 
110 










Pounds of tar, soot, etc., per ton of 
fuel as fired : 
Water not extracted 






, 


Water extracted . .• 








Composition of fuel (per cent): 

Moisture 


&51 
31.58 
28.76 








Volatile matter 


1 




Fixed carbon 






Ash 


2 74 


•••••••• 






Sulphur (separately determined). 
Volumetric analysis of gas (percent): 
Carbon dioxide (COj) 


.47 
8.00 














Oxygen (Of) 



14.20 ' 


• 




Ethylene (diH^) 


1 




Cartwn monoxide (CO) 


1 


1 


Hydrogen (IIj) 


laso 

290 
46.50 








Methane (C;H4 ) 




1 




Nitrogen ( N«) 












1 
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Table 2. — Summary of important items in results of tests 1 to 169 — Continued. 





Lignite. 


Peat. 


Itam. 


1 
As fired. Dry. 


Tests 
aver- 
aged. 


As 
fired. 






Tests 
aver- 
aged. 


Aver- 
age. 


Maxi- 
mum. 


Mini- 
mum. 


Tests 
aver- 
aged. 


Aver- 
age. 


Maxi- 
mum. 


Mini- 
mum. 


Dry. 


B. t. u. per pound, with 
90 to 100 per cent load 
(tests o^'er 30 hours) — 

Cubic feet of gas per poimd . 

Pounds per square root of 
taei bed per hour 

Founds per E. H. P. per 
hour 


7 
5 

7 

7 
7 
5 

6 


7,112 
27.7 

ia28 

2 93 

leas 

11.434 
157 


7,603 
31.9 

15l72 

3.56 

188.5 

13,770 

289 


6,356 
2&2 

11.91 

2.54 

125.3 

9.970 

66 


7 
5 

7 

7 


11,050 
43.2 

&55 

1.87 


11,473 
47.1 

iao9 

216 


10,346 
4a 7 

7.21 

1.67 




8,127 
3a3 

16.2 

2 57 

175.2 

12,840 

240 
167 

21.00 

61.72 

2211 

5.17 

.46 

12 40 



.40 

21.00 

18.50 

220 

45.50 


10.289 
38.3 

12 

208 


B. t. u. per cubic foot of 




B. t. u. perl's. H. P. per 
hour (full load) 












Poonds of tar, soot, etc., 
per ton of f uel as nred : 
Water not extracted . . 












Water extracted 












Composition of foal (per 
cent): 
Moisture 


7 
7 
7 
7 

7 

7 
7 
7 
7 


3,5.69 

29.25 

27.16 

7.90 

1.12 

9.90 

.13 

.10 

20.86 


39.56 
33.15 
29.55 
11.42 

3.54 

13.50 
.70 
.70 

35l20 

15.60 
4.85 

6a 90 


32 20 

26.49 

24.37 

5.04 

.49 

a20 





14.00 

9.20 

240 

48.70 












Voiatile matter 




1 1 




Fixed carbon 






1 




Affh 












Sulphur (separately 
determlmKi) ........ 




i 






Volumetric analysis of gas 
(percent): 
Carbon dioxide (COi). 












Carbon moDoxiae(CO) 
































Hydrogen (Ht) 

Methane (CHO 


7 1 14.30 
7 Z88 
7 51. 8.^ 






















Nitrogen (Nt)V 




1 














1 







Table 3 presents a classification of 103 coals into 10 groups (A to J), 
aocording to calorific value, each group embracing a range of 500 
British thermal units, the medial figure of w^hich is assigned as the 
approximate calorific value of the group (dry-coal basis). Average 
results relating to poimds of fuel burned, gas produced, producer 
efficiency, and plant duty (summarized from the number of tests 
shown by black-face figures under each group) are also given. The 
relative economic values may be modified slightly in the light of 
future tests conducted under improved conditions. 
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CONTBIBUTIONS TO NATIONAL WBLFABB. 
OONSEBVATION OF FUEL BESOUBCES. 

These tests in the gas producer have shown that many fuela of 
such low grade as to be practically valueless for steaming purposes, 
including slack coal, bone coal, and lignite, may be economically 
converted into producer gas and may thus generate sufiSident power 
to render them of Jiigh conunercial value. 

Practically every shipment tested in the producers, including 
coals with ash as high as 44 per cent and lignites and peats high in 
moistiure, has been successfully converted into gas that has been 
used in operating gas engines. It is estimated that on an average 
each coal tested in the producer-gas plant developed two and one- 
half times the power that it would develop if used in the ordinary 
steam-boiler plant. Such relative efficiencies probably hold good 
for the average installation of moderate power capacity, but the 
ratio is smaller when large steam plants of the most modem type 
are compared. It was found that the low-grade lignite of North 
Dakota developed as much power when converted into producer 
gas as did the best West Virginia bituminous coals when utilized 
under the steam boiler. Thus, through these investigations, lignite 
beds underlying from 20,000,000 to 30,000,000 acres of public lands, 
supposed to be worth little, have been shown to possess a large value 
for power development. As a result the money value of this Govern- 
ment land has been increased to the extent of probably $300,000,000 
or more. 

Investigations into the waste of coal in mining have shown that it 
probably aggregates 250,000,000 to 300,000,000 tons yearly, of which 
at least one-half might be saved. It has been demonstrated that the 
low-grade coals, high in sulphur and ash, now left underground, can 
be used economically in the gas producer for the ultimate production 
of power, heat, and Ught, and should, therefore, be mined at the 
same time as the high-grade coal. Moreover, attention is now being 
called to the practicability of further reducing this waste through 
more efficient mining methods. 

ELIMINATION OF THE SMOKE NUISANCE. 

The investigations herein reviewed also show that the general use 
of gas producers for the development of power means the practical 
elimination of the smoke nuisance. This result is especially im- 
portant in cities that are compelled to use bituminous coals. At 
present several factors are working together to reduce the amoimt 
of smoke discharged into the atmosphere. Among these are: 
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(a) Tlie elimination of numerous small, inefficient, poorly manipu- 
lated, individual house-heating plants by the introduction of dis- 
trict or central heating stations. 

(6) The increasing use of electric power in factories, office build- 
ings, and for miscellaneous purposes, and the resulting reduction in 
the number of small steam-power plants. 

(c) The economic advantages that are bringing about the rapid 
introduction of producer-gas plants. 

(d) The centraUzation of large producer-gas installations at the 
mines with the distribution of energy over extensive areas, either in 
the form of electric current or as gas. 

As stated above, on the average 1 ton of coal in the gas producer 
will develop as much energy as 2i tons in the ordinary steam plant. 
The great saving in fuel thus obtained has led to the installation 
witliin the last decade of several hundred producer-gas power plants 
tliroughout the United States. In the smaller plants antliracite is 
largely used, but bituminous coal and lignite are used in the larger 
installations. These producer plants are practically smokeless dur- 
ing operation. When fires are first kindled, more or less smoke is 
discharged, but after tliis preliminary period no smoke issues from 
the plant imtil it becomes necessary to clean the producer and re- 
kindle the fires. In certain types of installations operating under 
suitable conditions the fires need not be drawn for montlis and at 
some plants not for years. It is no exaggeration to state that such 
plants are absolutely smokeless. In plants of other types, or under 
conditions that do not permit long periods of operation without 
shutting down, new fires are more frequently kindled, but even then 
it is rarely necessary to produce smoke oftener than once a week 
and then only for a short time. 

As a smoke preventer, therefore, the gas producer is one of the 
most efficient devices on the market, and furthermore it reduces the 
fuel consumption, not 10 per cent or 15 per cent, as claimed for the 
ordinary smoke-preventing device offered for use in steam plants, 
but 50 to 60 per cent. Even the smoke which issues during brief 
periods from a producer plant is not objectionably black like that 
which comes from so many stacks in every industrial center. Archi- 
tecture, too, gains, for the introduction of these plants tends to 
eliminato unsightly chimneys and in this way also promotes economy. 

One of the objections that is commonly raised against the intro- 
duction of producer plants is that they do not offer any convenient 
method of factory or office heating. Tliis undoubtedly has been 
true, but in the near future it will be possible to provide such heating 
with comparative ease and little expense from producer-gas plants. 
One or two recent installations offer notable examples of such heating. 
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The establishment of producer-gas plants at the mines and the 
distribution of electric energy or gas over large areas will also tend 
to eliminate smoke. Such central plants can deliver hi^-Yoltage 
current 250 miles away. The movement to install them is hastened 
by the rapid development in the use of electricity for manufacturing 
and power-plant purposes and in particular by the electrification of 
railroad terminals. When a large percentage of the small, isolated, 
smoke-producing power and heating plants and all steam locomo- 
tives have been removed from the larger cities, the atmosphere of 
these cities will be much clearer and heavy financial losses directly 
traceable to smoke will be eliminated. 



PART I. 

PRODUCER QAS AND PRODUCER-GAS PlaANTS. 

By R. H. Fbbnald. 
INTRODTTCnON. 

Nearly all gases used for power, heating, and lighting, except natural 
gas, are derived from the partial combustion or distillation of solid 
fuels or the vaporization of liquid combustibles. The fuels com- 
mercially employed for making producer gas are generally coal, coke, 
charcoal, lignite, and peat; but wood, sawdust, straw, oil, etc., may 
be advantageously used under certain conditions. 

When coal is thrown upon a hot fire a portion of it immediately 
flashes into flame or passes off in the form of vapors and gases. This 
portion is commonly called volatile matter. The solid portion remain- 
ing is termed coke. It consists lai^ely of carbon, but also contains 
some material that will not bum. This unbumable portion is the ash, 
clinker, or refuse that is removed from the grate or ash pit. These 
three parts of a fuel — volatile matter, carbon, and ash — are the most 
important factors in determining the character of the product in the 
manufacture of gas. 

In the most familiar process of gas making, the manufacture of 
coal gas, the coal is subjected to destructive distillation. The result- 
ing gas is high in illuminating quajities and has a relatively high heat 
value. In this process a valuable by-product is coke. 

In another process of making gas from coal, a moderate supply of 
air, with or without water vapor or steam, is passed through a 
thick fuel bed. By the proper regulation of this air supply a partial 
or incomplete combustion of the fuel is maintained, resulting in the 
gradual consumption of all the combustible matter. The coke, 
instead of remaining as a by-product, as in the process previously 
mentioned, is utilized in making the gas. Gas generated by this 
method is known as producer gas, and the apparatus in which the 
gas is made is called the gas producer. 

COMPOSITION OF PBODUCBB OAS.a 
OONSTrrUENT GASES AND VAPOBS. 

The fuel gases resulting from the different systems of manufacture 
have the same essential constituents, but in so widely different pro- 
portions that they vary greatly in the range and the manner of their 

•i8«e Ckoiait, J. K., Adams, L. H., and HasktDfl, C. N., Bureau of Mines Boll. 7. lOU. fiSpp. 

13 



14 



RESUME OF PRODUCER-GAS INVESTIQATI0K8. 



commercial application. They usually embody the following com- 
bustible and noncombustible constituents in different proportions: 
Combustible gases — hydrogen (Hj), carbon monoxide (CX)), methane 
or marsh gas (CHJ, and ethylene (CjHJ; noncombustible gases — 
nitrogen (N,), carbon dioxide (CO,), and oxygen (O,). 

The heat value of any gas mixture is determined by the proportion 
and relative heat value of the individual combustible gases in it. 
The noncombustible gases, of course, add nothing to the heat value 
but act as diluents. Gases of the same general type often vary con- 
siderably hi composition. As an illustration typical analyses of pro- 
ducer gas from two fuels utilized in the same producer plant are 
presented : 

Composition by volume of pressure producer gas from two different fueh. 



Hydrogen (Hj) 

Carbon monoxide (CO) 
Methane (CH4) 

(CO,) 
Nitrogen (Nt) 

B. t. u. per cubic foot . 




From 

Montana 

lignite. 



100.0 
147.6 



Froni 

Peoosylvap 

nlabltaini' 

nouiooaL 




Besides the constituents mentioned, many fuel gases contain 
vapors which do not appear in the analysis, but which may prove 
useful or detrimental in the commercial appUcation of the gas. Many 
of these vapors are hydrocarbon compounds, the most familiar and 
important of which are tars. 

As previously stated, producer gas is made by passing a moderate 
air supply tlirough a tliick fuel bed which is in a condition of partial 
combustion. vSteam is generally added to the air blast, and the 
character of the gas developed depends largely upon the amount of 
steam used. Tliree types of producer gas may be generated in the 
same producer. When dry air alone is used the resulting gas is 
known as *^air gas;'' when the air introduced is chained with steam 
or watcT vapor the resulting gjis is called ^' mixed gas;'' and when the 
air is eliniinaUul, that is, when steam alone meets the incandescent 
fuel bed, the resulting gjis is termed ** water giis." 



UEDUCTIOX OF CARBON DIOXIDE. 



As may readily be seen, tlie simplest producer gas is made by passing 
dry air Ihrouj^li a thick l)e(l of burning carbon — commercially either 
charcoal or coke. If a producer is filled with charcoal or coke and a 
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fire is kindled in the lower portion, as the dry air enters from below 
the oxygen of the air will combine with a portion of the carbon in the 
incandescent zone, thus supporting the combustion and developing 
carbon dioxide (COj). If this carbon dioxide passes through the 
deep bed of charcoal or coke (carbon) above the burning zone, and if 
the proper temperature prevails, it will be reduced to carbon monoxide 
(CO). This gas is the simplest of producer gases, but it has a low heat 
value and is difficult to produce economically on a commercial basis. 

DECOMPOSITION OF STEAM. 

The usual procedure in producer-gas makint^ is to utilize coal as fuel 
and to add a certain amount of steam with the air. The steam not 
only has the effect of enricliing the gas, but also tends to reduce the 
fuel-bed temperature, which otherwise may become too liigh for suc- 
cessful commercial operation. When steam meets an incandescent 
fuel bed it reacts with the carbon and theoretically forms carbon 
monoxide and hydrogen (C + HjO = CO + IIj) . The enrichment of the 
gas is due to this additional hydrogen. In the use of steam sulli- 
cient care must be exercised to prevent the chilUng of tlie fuel bed 
to such a point that the necessary decomposition of the steam can 
not take place. It is possible to maintain combustion with air and 
at the same time to supply so much steam that the latter can not 
be completely decomposed owing to insufficient heat in the fuel l>ed. 
The result is usually an excess of carbon dioxide and the mechanical 
mixture of a certain portion of undecomposed steam with the gas 
issuing from the generator. The amount of steam that can be used 
to advantage is therefore small.^ 

TAR VAPORS. 

When coal, especially bituminous coal, Is used in place of coke 
considerable volatile material is usually distilled from the fresh coal 
at the top of the producer by the heat in the gas that passes up 
through the fuel bed. Besides the gaseous volatile matter or coal 
gas considerable tarry material is usually given off, which may or 
may not be objectionable, according to the method of using the gas. 
If these tarry products or hydrocarbon compounds are allowed to 
chill they may give difficulty in some plants, owing to their tendency 
to clog pipe lines, valves, engine governors, etc. Hence it is impor- 
tant, where producer gas is to be used for operating engines, that this 
tar be removed or be converted into combustible gases which may be 
utilized as a part of the regular gas output. The methods of handling 
these tar vapors will be discussed later. 

• 84€ dement, J. K., Adams, L. U., and Uaskins, C. N., Bureau of Mines Bull. 7, 1911, p. 63. 
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FACTORS DETERMINING COMPOSITION. 

The composition of producer gas varies greatly. The type of 
producer, the methods and skill used in operating, the uniformity 
and regulation of the air and steam supply, the kind and quality of 
fuel used, the depth of fuel bed, the distribution of the fuel, and 
the uniformity in size of the fuel are factors that affect the product. 
Typical analyses of producer gas presented in the advertising matter 
of manufacturers of gas producers signify little unless the details 
of the operating conditions are known. It is very difficult in ordinary 
practice to develop gas of the remarkably high quality usually listed 
in the catalogues of the various manufacturers. 

Inasmuch as the investigations involved in this discussion relate 
almost entirely to bituminous coal, lignite, and peat, the following 
typical analyses of up-draft producer gas generated with these several 
fuels in a pressure-producer plant are submitted: 



Typical analyus ofujhdraft pressiwe-produeer gat,, 

[Per cent by volume.] 



•■# 



Carbon dioxide (COt).. 

Eth:^e (CtHo! ...... 

Carbon monoxide (CO) 

Hydrogen (Ht) 

MethaneCCHo 

Nitrogen (Nt) 



From 




bitu- 


From 


minocM 


llgnlttL 


coal. 




9.84 


ia55 


.04 


.10 


.18 


.17 


18.28 


18.72 


12. go 


18.74 


3.12 


8.44 


65.64 


68.22 



From 



12.40 
.00 
.40 

21.00 

18.60 
2.20 

46.80 



Similar analyses of the gases from corresponding grades of fuel in 
down-draft producers are also presented: 

Typical analytes of dawn-dra/t producer ga$. 
[Per cent by volume.) 



Carbon dioxide (COs).. 

Oxygen (Ot) 

Ethylene (CiH«) 

Carbon monoxide (CO) 

Hydrogen ( Ht) 

Methane (CjHi) 

Nitrogen (N|) 



From 




bitu- 


From 


minous 


lignite. 


ooiL 




6.22 


11.87 


.13 


.01 


.01 


.00 


21.06 


16.01 


12.01 


14.76 


.49 


.98 


60.09 


66.37 



F^tm 



ia94 

.41 

.06 

16.91 

iai9 

.66 
6a 83 



As already pointed out, carbon monoxide, hydrogen, ethylene, 
and methane are desirable constituents in producer gas, and the 
suitability of the gas for a particular industrial appUcation depends 
somewhat on the relative proportions of these constituents. Pro- 
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ducer gas with a high percentage of hydrogen may be well adapted 
to certain metallurgical appUcations, but if the gas is to be used in 
internal-combustion engines the percentage of hydrogen must be 
kept within certain limits. For this reason the methods of operating 
producer plants for the generation of gas for power purposes are 
often quite different from those employed where the gas is to be used 
for metallurgical work. 

As the preceding analyses show, the percentage of oxygen in pro- 
ducer gas is usually very small. Nitrogen has no special effect, but 
acts simply as a diluent. The presence of much carbon dioxide 
in the gas denotes undesirable conditions in the producer. It indi- 
cates the development of more heat than is required in the process 
of gas making. It also indicates that a portion of the carbon monox- 
ide has been burned in the producer or that the fuel bed was not thick 
enough to reduce the carbon dioxide evolved in the incandescent 
zone to carbon monoxide before the gas left the producer. The prin- 
cipal cause of an excess of carbon dioxide is a fuel bed that is too 
shallow or is not hot enough to properly decompose the carbon dioxide 
produced in it; the latter condition usually denotes an oversupply of 
steam* 

TYPES OF PBODXJCEB PLANTS. 
GENERAL CLASSIFICATION. 



Although, broadly, producer gas has two general applications — 
for power purposes and for metallurgical work — only the types of 
power-producer plants will be considered under tliis head. Three 
distinct types of these plants have been commercially manufactured 
in the United States: (a) The suction type; (b) the pressure type; 
and (c) the down-draft type. Besides these three a combination of 
the principles of up draft and down draft has recently been brought 
forward in the double-zone producer. 

SUCTION PRODUCER PLANTS. 
ESSENTIAL FEATURES AND PRINCIPLES. 

As shown in figure I the essential parts of a suction-producer plant 
are the gas generator or furnace, the steam generator or boiler, and 
the gas cleaner or scrubber. A fire is made with shavings, wood, 
etc., on the grate, a, of the gas generator, the air necessary for com- 
bustion being supplied by means of the blower shown at i. As soon 
as the fire is sufficiently kindled the fuel to be used for gas making — 
charcoal, coke, or anthracite — is gradually charged into the producer. 
The blower for the air supply is driven by hand, or in large plants by 
electric or other power, until gas of sufficiently good quality to 
operate the engine is generated. The quality of the gas is roughly 
ascertained by means of a test cock at which the gas is lighted. As 
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wittti as tlie test flame shows the right color, which can be readily 
detonnined after a little experience, the gas is turned into the engine. 
The smoke and poor gas developed during the early stages of com- 
bustion are discharged into the outside air by means of the purge 
pipe shown at e. Aa 
soon as the engine is 
started, the blowing of 
the producerisstopped, 
and the neceesary air 
for maintaining com- 
bustion is drawn into 
the base of the pro- 
ducer by means of the 
suction produced in the 
engine cylinder. 
I If air fllone ia sup- 
s plied, even in restricted 
I quantities, the temper- 
§ ature of the fuel bed in 
1 the producer rises so 
I' high as to hinder the 
a production of satisfac- 
I tory gas. It is necea- 
% sary therefore, as pre- 
I viously stated, to cool 
■s the fuel bed by adding 
I steam. The methods 
Of of producing this steam 
" vary in detail in plants 
g of different design, but 
C the principles involved 
are essentially the 
same. 

At & is shown the 
steam generator or 
boiler for this particu- 
lar type of producer. 
Steam at atmospheric 
pressure is generated by 
the heated gas, which 
leaves the producer at 
the point d and enters 
the boiler through the pipe e on its way to the scrubber. The eteam 
thus generated is picked up by the air supply passing into the base of 
the producer. The mixture of air and steam is then drawn up 
through the incandescent fuel bed. The osygen of the air and the 
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oxygen of the steam combine with the highly heated carbon in the 
lower part of the bed, producing complete combustion and developing 
carbon dioxide. The gas thus formed passes up through a thick fuel 
bed above and the carbon dioxide is largely reduced to carbon monox- 
ide. The hydrogen liberated by the decomposition of the steam 
greatly enriches the product. 

SCRUBBING THE OAS. 

The gas after leaving the boiler at the point/ passes to the base of 
the scrubber g. The scrubber is usually a cast-iron or sheet-steel 
tower in which the dust, soot, tar, and other impurities are removed 
from the gas. As usually constructed it consists of a simple cylin- 
drical shell filled with coke, over which water is sprayed. The dirty 
hot gas enters the base of the scrubber and flows upwards; it is divided, 
in passing through the coke, into separate streams wliich are met by 
a fine water spray flowing in the opposite direction. The gas and the 
water are thus brought into intimate contact and the particles of dirt 
and other foreign matter carried by the gas are largely washed out. 
The wash water from the scrubber passes into a water seal shown at 
A, from which it overflows into the drain, or, in large installations, 
into a settling basin or reservoir. If the gas is to be used in an engine 
it is essential that it be thoroughly freed from gritty material in order 
to prevent scouring of the engine cylinders. It is equally important 
that tarry compounds be removed, in order to prevent clogging of 
the engine valves and governor. 

Ideas r^arding the best method of cleaning the gas seem to vary 
greatly. At one extreme is a scrubber without coke or other soUd 
material, completely filled ydi\\ finely atomized water or fog, through 
whiclj the gas passes. At the other extreme is a tall tower-like 
scrubber with the water pelting down in large drops or globules and 
supposedly beating the dust and dirt out of the gas. The ordinary 
practice, however, is to use coke-filled scnibbers and water spray. 

The gas enters the scrubber at a relatively high temperature (500° 
to 1,000® F.) and leaves it at about atmospheric temperature, going 
to the engine as a comparatively Ary, clean, cool gas. In some 
plants after the gas leaves the wet scrubber it is passed through a dry 
scrubber. This consists of a chamber filled with excelsior, shavings 
or other similar material which removes a large portion of the moisture 
and also tends to take out any of the impurities which may have 
escaped the water spray. In some plants this dry scrubber is placed 
in the top of the main scrubber shell above the water spray; in 
others it is placed on the gas line between the wet scrubber and the 
engine. Just before passing to the engine the gas is usually carried 
through some form of expansion chamber or regulating tank wliich 
serves to prevent serious fluctuations in the draft through the fuel 
bed and also tends to supply the engine uniformly with gas. 
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ACTION OF THE ENGINE. 



The gas, together with enough air to form an explosive mixture 
with it, is drawn into the engine cyUnder during the suction stroke. 
This charge is compressed on the return stroke of the piston, at the 
completion of which it is ignited by means of an electric spark. The 
hot gases produced by combustion tend to expand rapidly, producing 
pressure upon the piston during the third stroke, which is known as 
the power stroke. After the gas has expanded in the cylinder and 
the power stroke is completed, the piston moves forward on the 
fourth stroke, clearing out the burned gases through the exhaust 
port. The action of the engine may be more readily understood by 
reference to figure 2. 




^Qj -®^ 
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FiaxTBX 3.— Piston positions and indicator diagrams of a four-stroke gas aogtne. 

One of the advantages of the suction type of producer is that the 
supply of air and steam passing through the fuel bed, and conse- 
quently the quantity of gas generated, is largely regulated by the 
demands of the engine. The designers of plants endeavor to pro- 
cure simple automatic devices to produce this important theoretical 
condition in regular operation, and some of the plants on the market 
are extremely satisfactory in this respect. Because the air and steam 
are drawn through the fuel bed by the suction stroke of the engine, 
it is important that the resistance offered by the fuel bed, scrubber, 
and connections should at all times be as small as possible, so that the 
power available for commercial use may not be reduced more than is 
necessary by the draft requirements of the producer. Hence the grate 
must be kept free from accumulations of ash and clinker. 
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Tlie yrodu4^fr. — In the catalogue publislied by the builders the 

specifications of the producer are as follows: 

Gas producer with rotative ash table; eize No. 7; iimide diameter <rf brick lining 
or jacket, 7 feet; area of fuel bed, 38.5 square feet; height of top of CMUig, 15 feet. 

The producer (see PL III.4) consisted of an iron cylinder 8 feet 6 
inches in internal diameter and 15 feet high. The upper part of this 
shell was lined with approximately 2,800 wedge fire brick, the vertical 
depth of this lining being 10 feet 3 inches. Tlie spac^ between the 
brick lining and the casing was filled with sand. Below the brick 
lining was a perforated conical iron bosh. This bosh extended 2 feet 
1 inch below the brick lining. Its internal diameter at the bottom 
was 5 feet. The perforations were used in breaking up the ash be<l 
when clinkers formed. Below the bosli was a revolving ash table, of 
greater diameter than the bottom of the bosh. The asli, after 
descending through the bosh to the revolving table, was discharged 
into the ash pit. 

If the uniform discharge of the ash was in any way prevented, so 
that the ash bed tended to become thicker on one side than on the 
other, bars could be inserted just above the ash table, through 
a})erturcs in tlie ash-pit casing, to cause a more rapid fall of the ash 
on that side and a consequent equalization in the depth of the 
ash bed. 

As shown in Plate III-4, numerous sight holes were made from 
5 to 6 feet above the ground, to permit frequent inspection of the 
conditions within the producer during operation. 

The blast pii)e passed through the revolving ash table and the 
bosh. Tliis i)ipe was 7 inches in internal diameter where it entered 
the asli pit, but in passing tlirough the ash table it enlarged to 10 
inches. Its uj)per end was covered by a hood to assist in the uniform 
distribution of the blast. The connection of this blast pipe to the 
economizer (where the air is preheated) is shown in figures 3 and 4. 
It will be noted that in this installation two producers and two 
economizers were connected to a single scrubber. 

The blast for the producer was furnished by a steam-jet blower, tlie 
steam being drawn from the boilers that were part of the equipment 
of the testing plant. Figure 3 shows the connection of this st^am 
line to the blast pipe. 

Coal hopper and feeding d^vi<^e8, — Above the producer proper, as 
sliown in Plate III^, were the coal hopper and feeding devices. 
These auxiliaries to the producer are described in the manufacturer's 
catalogue as follows: 

The Bildt automatic feed continuously delivers the coal in a shower from the 
deflecting surfa<e8 of a constantly rotating distributer. It has a storage magazine, 
requiring filling at longer intervals than in ordinar>' chai^ging. The apparatus con- 
sists of a receiving hopper surmounting the main storage magazine, communication 
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was constantly flushed with water during the operation of the plant. 
In passing through the scrubber the gas was partly cleansed before 
entering the tar extractor. The tar extractor in outward appear- 
ance resembled a centrifugal pump. As the gas went through the 
extractor the tar passed down through the tar drips to a water- 
sealed pit, from which it was easily removed. A liberal supply of 
water was used during this part of the process of purification. The 
speed of rotation of the fan in the tar extractor was of vital impor- 
tance, and any deviation from the proper speed (1,500 revolutions 
per minute in the plant under consideration), particularly a reduction, 
seriously affected the successful working of the extractor. The fan 
in the extractor was driven by a 10-horsepower motor. 

Purifier and ga^ holder. — From tlie tar extractor the gas passed to 
the purifier, an iron box 8 feet square and 3 feet 3 inches high. This 
box was divided into compartments by wooden lattice frames, and 
was filled with oxidized iron filings and shavings for removing the 
sulphur from the gas. 

Before reaching the holder the gas passed another, tar drip. The 
holder was 20 feet in diameter, 13 feet high, and had a capacity of 
4,000 cubic feet. Between the holder and the gas meter on the pipe 
lino leading to the engine was a final tar drip for the removal of any 
traces of tar or moisture that might have escaped the preceding drips 
and extractors. 

Engine and generator. — After going through a meter having a 
capacity of 30,000 cubic feet per hour, the gas was deHvered to a 
three-cylifider vertical Westinghouse gas engine. On the pipe line 
leading from the meter to the engine was a special gas regulator 
installed in connection with the engine. 

The cylinders of the engine were 19 inches in diameter and the 
length of stroke was 22 inches. The engine made 200 revolutions per 
minute and was rated at 235-brake horsepower when using producer 
gas. It was belted to a 6-pole, 175-kilowatt Westinghouse direct- 
current generator. The load on the generator was controlled and the 
energy dev(»loped was dissipated by a water rheostat constructed 
especially for the purpose. 

FIELD OF THE PRESSURE PRODUCER. 

Pressure ])roducers of the type described above were devised to 
meet the demand for the concentration of power in fairly large units 
instead of the separate operation of a large number of installations of 
small power capacity. As indicated in the description, these pro- 
ducers develop their gas under a slight pressure due to the introduc- 
tion of the air and steam blasts, and the gas is stored in holders until 
required by the engine. As the generation of the gas does not depend 
on the suction stroke of the engine, tar and other impurities may be 
removed from it by suitable devices, and hence the use of bituminous 
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are proving eminently satisfactory in commercial practice. In dis- 
cardinti: the holder it is of course necessary to introduce automatic 
devices for controlling the pressure and the supply of gas to the engine. 

DOWN-DRAFT PRODUCER PLANTS. 
LOSS OP HEAT VALUE WITH THE EXTRACTION OF TAR. 

By the mechanical extraction of tar a large part of the heat value 
of the gas is lost. As already stated, this may not be a serious matter 
in plants where the sale of the tar for commercial uses brings a good 
financial return, but in installations where the tar is thrown awa}^ the 
loss is sufficiently serious to warrant the attempt to devise some 
means of converting this tar into a gas of suitable quality for engine 
use. Attempts have been made to accomplish this result by manu- 
facturers in this country and abroad, and the success attained has 
been sufficient to warrant the building of such plants on a commercial 
basis. 

OPERATION OF A TYPICAL PLANT. 

General description. — A typical plant of this character manufactured 
in the United States is shown in Plate IV. This plant consists of two 
gas generators made of steel shells with fire-brick linings. As in the 
types previously mentioned, the essential features of this type of 
plant are the gas generators or producers, the steam generator or 
boiler, the gas-cleaning apparatus or scrubbers (both wet and dry), 
the gas holder or receiver, and the necessary auxiliary piping, ete. 

In operating the producer plant the gas generators are charged with 
coke to a lieight of 3 or more feet above the grates, and lumps of coal 
about 4 inches in diameter are added on top of the coke to the depth 
about G inches. A wood fire is then kindled on top of this charge. 
The valves in the pipes at the base of the producers leading to the 
boiler being open, the exhauster a is started and the entire portion of 
the plant to its left is thus placed under suction. The air for sup- 
porting combustion is drawn in through the charging doors shown 
above the operating floor at ft, downward through the fuel bed and 
pipe line into the base of the boiler, up through the boiler tubes and 
pipe line to the base of the scrubber, and then up through the scrubber 
into the exliauster. From the exhauster the gas is under pressure 
and may be sent through the dry scrubber c into the gas holder, or by 
simply opening the valve may be sent through the purge pipe d, into 
the outside air. When starting the fire, smoke and impure gas are 
diverted through the purge pipe until such time as the test flame 
shows the gas is suitable for turning into the holder. 

After the coke has become incandescent and the fire in the upper 
portion of the fuel bed well established, green fuel is added through the 
charging doors h as the condition of the fire and the quality of the 
gas recjuire. 
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^^ Shooting^' the fuel bed. — After operating this plant for a few hours 
by the method described, the fuel bed in each of the generators 
gradually becomes clogged with tarry matter, soot, dust, ash, etc., 
and the suction required of the exhauster becomes excessive. If the 
plant is clean this suction amounts to possibly 5 or 6 inches of water, 
and gradually increases as the fuel bed becomes clogged. In the 
majority of plants it is not deemed wise to allow the suction to exceed 
al)out 20 inches of water, although there are some plants in daily 
operation in which 30 inches are carried without. difficulty. When 
this suction becomes excessive it is necessary to clean the fuel bed. 
This cleaning, which must be done without stopping the plant, is 
carried on as follows: 

Suppose the fuel bed in the generator marked A (PI. TV) requires 
cleaning. The charging doors 6, h are closed, then the valve connect- 
ing the base of the producer A to the boiler is also closed by means of a 
wheel manipulated from the operating floor, and the steam entering 
the top of the producer is cut off and steam at full pressure, namely, 
60 to 100 pounds, is discharged into the base of the producer just below 
the grate. Tliis high-pressure steam rushing through the fuel bed 
tends to dispel the tar, soot, dirt, ash, and other foreign material. 
The process is called ** shooting.^' During the process the current 
through the fuel bed is, of course, reversed; that is, made to flow 
upward instead of do^^Tiward. In the shooting a jet of live steam 
is turned upon an incandescent fuel bed, and a water gas is 
formed which is quite different from the gas produced during the 
down-draft operation of the plant. The heat value of this gas 
averages about 200 B. t. u. per cubic foot instead of a little over 
100 B. t. u., which is the heat value of the gas normally made by the 
producer. During the process of shaking up and cleaning the fuel 
bed the water gas is passed up through the fuel bed into the top of the 
generator A; tlu-ough the by-pass pipe behind the boiler, shown at h; 
down through the fuel bed of the generator B, and then on through 
the boiler and scrubber to the exhauster, as in the normal working 
of the plant. The method of cleaning generator B is the same, 
except, of course, that the operation of the two generators is in 
reverse order. 

UTILIZATION OF WATER GAS. 

The gas produced during the cleaning process, high in hydrogen 
and of relatively liigh fuel value, differs so materially from the gas 
regulariy made that many operator of down-draft plants find it 
inadvisable to mix the two gases, and ])rovide two gasometers, one for 
the regular producer gas, or air gas, as it is sometimes called, the other 
for the gas generated during the shooting process, which is generally 
termed water gas. The discharge of these two types of gas to their 
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OTHER APPLICATIONS AS A FUEL. 



The abundance of natural gas and the multiplicity of uses to which 
it has been applied have led to a much greater appreciation of the ad- 
vantages of gaseous fuel, and have helped to emphasize the value of 
the gas producer. During the past few years there has been great 
development in the utilization of producer gas not only for power 
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pur])oses and in the manufacture of iron and steel, but in other 
industries us well. 

Among the uses to which producer-gas fuel has been put are anneal- 
ing, japanning, enameling, soldering, brazing, galvanizing, drying, 
evaj)orating, tempering, casehardening, t>T)e casting, yarn singeing, 
heating molds, wash kettles, ladles, stoves, baker's ovens, and cook- 
ing. It has also been used quite extensively in brick, lime, and 
cement kilns, and in various types of ore-roasting furnaces. 
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ITnder the simple conditions required for boiler heating, it is ques- 
tionable whether any advantage is to be obtained by the use of pro- 
ducer gas except, possibly, where low-grade fuels are burned. There 
are many fuels that can be utilized to advantage in the gas producer 
that can not be employed in direct steam-boiler firing. An incidental 
advantage wliich may be important in urban commimities is the 
reduction of smoke resulting from the use of the producer. 

In large plants there may be considerable advantage in using pro- 
ducer gas in place of coal, due to the fact that the gas can be so easily 
piped from the producers to different parts of a plant. This advan- 
tage is particularly marked where it is inconvenient to distribute 
coal to several boiler installations, and may result in a considerable 
financial saving. Some writers on the subject are enthusiastic 
enough to believe that the manufacture of producer gas by large cen- 
tral plants at the mines, and the distribution of this gas through 
pipe systems over a broad area, will become general within the next 
few vears. 

In lime burning it is claimed that greater economy is obtained 
with producer gas than with coal, and that the output of a plant is 
considerably increased. The heat produced by the gas is readily con- 
trolled, and it is claimed that the flames from burning gas are ideal for 
the process. Owing to the absence of ash and clinker a much cleaner 
and purer product is produced, and the labor required is reported as 
considerably less than that demanded \\'ith solid fuel. Reduction in 
the repair bills is also claimed, as the life of the kilns is longer and the 
necessary repairs are less than when solid fuel is used. 

Although producer gas has been satisfactorily used for ore roasting, 
the development in this direction has been slow, OA^dng to the fact that 
there is a natural hesitancy about adopting new methods. 

In forge work the substitution of producer gas for oil, city gas, and 
natural gas is developing, although special care is necessary regarding 
the methods of application. Producer gas is economical and does 
away with the dirt and smoke so prevalent in foi^e work when coal 
is used. 

The substitution of producer gas in place of coal for cement burning 
seems to offer an attractive field. Although this substitution has 
been made in only a few instances and has not become general, it is 
attracting the attention of manufacturers. It is claimed that excel- 
lent economy is obtained, that a high-grade, uniform clinker is pro- 
duced, and that the ease of control, the simplicity of the equipment, 
and the low cost of the installation and up-keep make producer gas 
an ideal substitute for coal. In discussing this question cement 
manufacturers have expressed tlu* opinion that the application of 
producer gas to clinker burning presents many of the advantages 
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named, but at the same time they state that, as far as their informa- 
tion goes concerning installations of this process, there has been diffi- 
culty in getting as large an output as had previously been obtained 
with coal. 

QA8-PBODUCER FUELS. 
FUELS USED IN THE SUCTION PRODUCER. 

The peculiar characteristics of the suction-producer plant prac- 
tically limit fuels for this type of installation to those containing 
little or no tar. Hence anthracite and semianthracite coal, coke, and 
charcoal are the principal fuels utilized. The standard types of 
suction producer are designed with reference to using these fuels in 
what is commonly known as pea size. The fuel size usually desig- 
nated in specifications for such plants is No. 1 pea. Larger sizes can 
be utilized to good advantage in many cases, but as a rule they are 
more expensive. If very small coal is to be used, such as rice, 
barley, fine screenings, or coke breeze, special producers are usually 
required. 

CHARCOAL. 

From the standpoint of simplicity of operation charcoal is an ideal 
fuel, but its tar content, although small, sometimes causes a little 
difficulty. On account of its expense, however, charcoal is used in 
very few plants in the United States. Plants are in operation using 
this fuel at a cost of $13 a ton and the owners claim that the fuel cost 
is considerably below what it would be if city gas were used. 



ANTHRACITE. 



Anthracite is the standard fuel for suction producers in this 
country, and under certain conditions it is an ideal fuel. There are a 
great many power plants in dail\^ use that recjuire attention not over 
two or three hours a day and are as reliable as any steam-engine 
plant of the same size and far more economical. On the other hand, 
there are many installations which recjuire attention practically all 
the time, and even then are frequently shut down. The troubles of 
these plants are often traceable to serious clinkering which may be 
due to the behavior of the coal under certain temperature conditions, 
and may be unavoidable in plants of the ordinary construction. 
However, in many instances clinkering and a bad condition of the 
fuel bed are caused by an overload or excessive demands upon the 
plant. For the most part these overload conditions are undoubtedly 
due to an overrating of the producer by the manufacturers. This 
fact has already been recognized by some makers with the result 
that the guaranteed rating of their plants has been reduced 25 per 
cent for the same area of fuel bed. 
S7080*— Bull. IS— 11 i 
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Even with the same working conditions much less difficulty is 
experienced with one grade of anthracite than with another. It is 
doubtful; however, whether sufficient study has yet been made to 
warrant drawing fuel specifications that will guarantee practically 
no difficulty in producer plants of the suction type. 

In handling these suction producers it is necessary to keep the 
grates free from clinker and ash in order to facilitate the action of 
the engine in ])roducing the necessary draft, and to keep a clean fire 
a great many operators rake out considerable partially burned coal. 
It is the custom in many plants to throw this partially burned mate- 
rial back into the producer. While this practice is satisfactory in 
some cases ^ yet with certain kinds of anthracite it facilitates dicker- 
ing. As a result the practice has been abandoned in some installa- 
tions and the partially burned material or coke is saved for use in fire 
places or kitchen ranges. 

Although attention has been called to some of the difficulties en- 
countered in the use of anthracite coal, it must be understood that 
these troubles are not general. A large proportion of the several 
hundred plants in the United States now operating on anthracite 
are giving excellent satisfaction and little or no trouble is experienced 
with them. An examination of the records of inspection of many of 
these plants reported in Bulletin 416^ may prove of interest in this 
connection. 

COKE. 

In the United States coke is Uttle used in producer plants of the 
suction type. It gives much more trouble from clinkering than 
anthracite and its use necessitates taking a longer time to get the 
producer into operation in the morning after a standby over night. 
Coke seems to be used much more generally in Europe than in this 
country. Some people abroad advocate mixing coke and anthracite 
for economy. (In England the price of coke is about one-half that 
of anthracite.) One manufacturer of a suction plant in very general 
use in Europe advertises '*20 horsepower hours for 1 penny" as the 
cost of power when using coke in a plant made by him. However, 
on looking up the particular installation reported to be operated 
at this low cost I was informed by the owner that although coke cost 
about one-half as much as anthracite, he was compelled to use twice 
as much of it ; consequently the fuel cost is practically equal for both 
fuels. In actual operation this plant shows a fuel cost averaging 
about 9 horsepower hours for 1 penny. Under the best conditions 
it may develop 12 or 14 horsepower hours for 1 penny, but never 20. 
It is claimed by many operators that the best results with coke are 
obtained when it is crushed to walnut size. 

a Femald, R. IT., Recent development of the pro<lueer-gas power plant in the United States, U. 8, 
Geol. Survey Bull. 410. 19()9. 82 pp. Reprinted as Bureau of Mines Bull. 9. 1911. 
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LIGNITE. 



Many efforts have been made to develop suction plants which will 
prove commercially profitable in the use of the tarrj- fuels, such as 
bituminous coal, hgnite, and peat. Considerable success has been 
attained both in Europe and the United States with the use of Ug- 
nite in suction producers. In the States of Texas and Washington 
several plants ranging in size from 25 to 250 horsepower are oper- 
ating on lignite. The brown-coal briquet of Germany forms an excel- 
lent producer-gas fuel and is in very general use in small suction 
plants of the double-zone type. In the natural state this brown 
coal, which corresponds to the lignite of the Unite<l States, is undesir- 
able for use in producers imless in good sized pieces similar to those 
of freshly mined Texas lignite. The plants burning brown coal 
apparently require no more and perhaps less attention than plants 
using anthracite. 



PEAT. 



Up to the present time peat has not been commercially utihzed 
in tWs country as a fuel for the suction producer, but there is every 
reason to believe that it will be in the near future. Among the most 
interesting producer-gas plants in Europe are those burning peat. 
The application of small peat-burning producer plants for generating 
power has become general in Europe, although the first plant of this 
type was installed only five or six years ago. Before it is charged 
into the producer, air-dried peat, containing about 25 or 30 per cent 
moisture, is passed through a crusher and broken into pieces 1 to 4 
inches in diameter. 

The Canadian government has just installed a peat-burning pro- 
ducer-gas plant for experimental researches on local peats. The pro- 
ducer and engine were both imported from Germany, however. 



BITUMINOUS COAL. 



The operation of the suction producer on bituminous coal has been 
attempted by nearly all producer-plant manufacturers. In both 
Europe and this country the demand for small power units to operate 
on bitimiinoiis coal is large. little success has been attained in this 
country in meeting this demand, but abroad the leading manufac- 
turers are nearly all working on the problem, and each one has some 
form of plant which he feels is well adapted to bituminous coal. 
Limitations are imposed abroad, however, wliich would not be 
regarded as practical in this country; that is, special restrictions are 
placed on the types of fuel that may be used. One manufacturer 
states that the bituminous coal used in a suction ))lant of his design 
must be of good quality, low in ash (8 to 10 per cent as a maximum), 
and noncakingy and must not contain more than 7 per cent tar. The 
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same idea is expressed by another manufacturer, who says that for 
other than anthracite he confines his attention to short-flaming, 
low-ash fuels that do not cake and make little tar. Although I saw 
several of these suction plants specially designed for bituminous 
coal, only one was in actual operation. This was a double-zone 
plant of 250 horsepower supplying gas to a 150-horsepower twin 
single-acting horizontal engine. It is reported that the fuel used in 
this plant contains 25 per cent ash and 2 per cent sulphur, and that 
the high ash content gives no trouble so long as the coal is noncaking. 
In this installation it is imperative that only coals possessing certain 
quaUties be used. To satisfy these limitations three varieties of 
coal are often required, mixed in proper proportions. All fine coal 
is sifted and the dust thrown out to prevent matting. Under similar 
restrictions it is difficult to see how such plants can meet conmier^ 
cial demands. All suction plants for bituminous coal that were 
inspected abroad were of the double-zone type. 

FUELS USED IN PRESSURE OR DOWN-DRAFT PRODUCERS. 
PRACnCALLT ALL FUELS OF COMMERCIAL YALUX AVAILABLE. 

The range of fuels which can be used in either the pressure or 
down-draft plants is much greater than that for the suction plant. 
All of the fuels mentioned for the suction plant, considered purely for 
their gas-making qualities, are available for use in these installations. 
The price is the principal controlling factor, and in most sections of 
the country practically Umits the use of anthracite to comparatively 
small j)lants. 

A few comj)anies oi)erating pressure and down-draft plants prior 
to 1904 ventured to use certain well-tried bituminous coals known to 
be especially free from sulphur and a tendency to cake, and low in 
both ash and tar-producing compounds. It remained, however, 
for the Geological Survey to demonstrate the possibility of using in 
such plants practically all grades of fuels of any commercial value 
without reference to the proportion of sulphur or tarry compounds 
that they contain. Several of the poorest grades of bituminous coal 
showed remarkable efficiency in the gas producer, and lignite and peat 
were used with great f aciUty, thus opening the way to the introduc- 
tion of cheap power into large districts that have thus far been com- 
mercially unimportant from a lack of such power. Experiments with 
bone coal have given excellent results, showing an efficiency in the 
producer equal to that obtained by using good steam coal under 
boilers. Recent mvestigations with other low-grade fuels, such as 
roof-coal slabs, culm, and washery refuse, have also demonstrated 
the possibility of using such material to advantage in the producer. 
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RESULTS OF PRODUCER TESTS OF LOW-ORADE FUELS. 

The results obtained from some of the low-grade fuels are shown 
in the foUowmg table: 

Results of producer tests of high-ash fuels. 



Fuel from — 



1 

2 
3 
4 
5 

7 
8 
9 
10 
11 
12 
IS 




New Mexico. 
Temwssee... 

Iowa 

Wyoming... 



wyomi 
TSOaoto 

Wyoming 

maato 

Brmill 

North CaroUna. 
WestViTKinia.. 
Pennsvlvanla. . . 

do. 

West Virginia.. 



Bftumtnous, run-of-mine. 

do 

Bituminous 

do 

Bituminous, slaclc 

Bituminous, run-of-mine. 

Bituminous, bone 

Bituminous, nm-of-mine. 
Peat 



Bituminous, bone 

Bituminous, wasliery refuse. 

Washery rnmse 

Bituminous, bone 



MoLsture. 


Ash. 


Percent. 


Per cent. 


3.<i2 


19. 63 


3.55 


20.57 


16.00 


20.70 


9.44 


20. 72 


12.76 


21.52 


S.65 


21.73 


S.67 


23.12 


10.96 


•23.44 


13. xs 


27.78 


2.91 


28. OS 


2. 6S 


30. 35 


2. 2.-) 


31.89 


.47 


43.74 



Fuel as 
fired con- 
sumed in 
producer 

per 

b. li. p. 

hour. 



Pound*. 
1.10 
1.45 
1.5G 
1.70 
3.98 
1.83 
2.88 
2.02 
3.37 
1.26 
2.34 
2.76 
1.65 



With such a wide range of available fuels, and with the supply of 
anthracite and the better grades of bituminous coal decidedly 
limited, the types of producers now in use will doubtless be improved 
and modified so as to adapt them to the low-grade or high-ash fuels. 
The general situation in Europe is much like that in the United 
States, the manufacturers for the most part use the better-grade 
fuels and, in consequence, the poorer fuels are left in the mines. 
This policy is r^arded as a dangerous one, and a great deal of interest 
is shown in the possible utilization of these low-grade fuels in the 
gas producer. 

Although, as already stated, in the United States bituminous coal 
has been used in producers supplying gas engines within only a few 
years, it is also true that for furnace work the gasification of bitu- 
minous coal in producers has been carried on much longer. The 
tarry vapors formed add materially to the heat value of the gas and 
are consequently of advantage in this type of work. As tar and soot 
interfere seriously with the operation of the engine, the introduction 
of cleaning apparatus for power-producer plants has been imperative 
and has complicated the design and construction of these plants 
considerably. 

Besides the fuels previously mentioned producers have been oper- 
ated on wood, sawdust, tanbark, straw, hay, corncobs, cornstalks, 
and even leather scraps, but these fuels, with the possible exception 
of wood and sawdust, have not come into general use. 
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EUROPEAN PRACTICE. 

During a recent inspection trip in ten European countries I found 
anthracite, brown-coal briquets, and peat in general use in producer- 
gas power plants. Bituminous coal is also extensively used, but in 
the majority of plants only noncaking coals of moderate tar produc- 
tion and low ash content are burned in the producers. One installa- 
tion of many thousand horsepower used coal taken from mines 
bought expressly for the purpose of supplying the plant with a good 
producer coal, but even there only the high-grade coal was utilized 
and the coal relatively high in ash was left underground. 

I found only two instances of the use of high-ash fuels. In one in- 
stance, a mixture of culm, roof coal, and washery refuse, reported as 
averaging 53 per cent ash, was being utilized in an experimental by- 
product recover}^ plant which had been in commission about one 
year. Considerable time was required for adapting the plant for the 
successful handling of the fuel, but the reports indicated that for the 
three montlis previous to my visit little or no diflBculty had be^i 
experienced. 

The other instance was a plant in full operation using roof slabs that 
gave little indication, on casual inspection, of containing any com- 
bustible material. It was claimed that the slabs averaged over 60 per 
cent ash. At the time of this visit (1908) the producers were not only 
supplying a number of furnaces with gas but were also operating a 
1,000-horsepower and a 250-horsepower engine, and a 500-horsepower 
engine was being added to the equipment. The plant was reported 
to be using over 100 tons of this low-grade fuel per day. 

CAPACITY OF PBODTTCEBS. 
HORSEPOWER OF PRODUCERS. 

It is customary at the present time to designate the capacity of gas 
producers in terms of horsepower. As is the case with boilers, how- 
ever, tills usage is a misnomer, since there is no such thing as the 
horsepower of a producer. The expression strictly means the size 
of producer that will uniformly supply an engine of a given horse- 
power rating with gas over a considerable period of time; that is, a 
25()-hoi'sepower gas producer means one that will supply sufficient 
gas to operate an engine rated at 250-brake horsepower for several 
consecutive hours under full load. 

From the general discussion on gas-producer fuels it will be seen 
that the quantity of fuel which can be burned in a given gas producer 
per hour and the quantity of gas wliich can be generated will vary 
widely according to the kind of fuel used. This point is perhaps made 
clearer by figures 6 and 7, wliich show the rate of burning of a large 
variety of fuels in a producer of fixed dimensions necessary to develop 
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Bofliciait gas to operate a 235-brake horsepower engine at full load. 
A wide difference will be obserrcd in the required rates of fuel con- 
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sumption between the coals of high hrnt value (14,000 or more 
B. t. u. per pound) and those of low heat value (between 7,000 and 
8,000 B. t. u. per pound). 



44 RESUME OF PR0DUCEB-GA8 INVESTIGATIOHB. 

Agftin, it is obvious, from a study of the curve shown in figure 6, 
that if the rate of burning the high-heat value coals be increased to 
that which prevails for the low-heat value fuels, the volume of gas 
generateil will be large enougli to supply an engine of much more 
than 235 horsepower. In other words, the producer which would be 
called a 235-hor8epower producer with one fuel might be rated as 
300 horsepower with another fuel and 400 hoisepower with another. 

For metallui^cal and furnace purposes in which no engine is 
employed there is no definite relation between horsepower and pro- 



ducer size. In general, then, a better method ia to designate pro- 
<lucers by the diameter of the fuel bed and the rate of burning the 
fuel per.s(|uarc foot of fuel-t»od area. 

RATE OF VVr.l. C'ONSl^MPTION AXD TENDENCY TO OVERRATE CAPACrTY. 

Tliis rate of fuel consimiption is nn uncertain factor and has led to 
much diilictilty in designing and in rating protiucers. Early work in 
tliis counti'v fiiUowed European practice almost entirely and thereby 
occasioned si groat deal of trouble in properly rating the plants and 
brought about the ultimate fulure of many of them. Under Euro- 
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pean conditions, in which fuels of a certain grade are specified, high 
rates of fuel consumption may be obtained. It is not impossible to 
obtain similar rates under corresponding circumstances in this 
country, but as these exceptional conditions seldom prevail, it has 
been foimd that in general the rate of fuel consumption per square 
foot of fuel-bed area does not average much over half the amount 
originally guaranteed by the early manufacturers. This fact has, 
of course, led to a decided modification in the design and proportions 
of many plants. Even to-day there is some tendency to overrate 
producers, especially those of the suction ty|)e. Such overrating 
is not only Ukely to make trouble in adjusting the purchase j)rice of 
these plants, but usually results in serious operating difliculties, if 
the installation is worked at or near its capacity. It has been 
observed frequently that a given i)lant using anthracite of good 
quality will present no operating dilliculties when working up to 50 
or 75 per cent of the rated capacity of the producer, but if the pro- 
ducer is forced to its full rating for any length of time, clinkering and 
other troubles are encountered. These are often suflicientlv serious 
to necessitate a reduction in load at a time when such a reduction 
is most inconvenient. 

Although it has been intimated that the rate of burning higli- 
grade coal might be materially increased over that indicated in 
figure 6, it should not be understood that such an increase is always 
possible. A great deal depends on the character of the fuel. This 
is particularly true regarding the nature of the ash. If the ash is 
highly fusible it may cause such serious trouble from clinker that the 
rate of fuel consumption will be decidedly restricted, while on the 
other hand the character of the ash may be such as to allow a high 
fuel consumption. 

Certain types of fuel, such as the lignites of the United States, 
permit a high rate of fuel consumption, especially in j)ro(lucers of the 
down-draft tyj)e. Plants are in operation which are consuming more 
than 40 pounds of lignite per square foot of fuel-bed area per hour, 
but the majority of producers do not gasify ordinary fuels at any such 
rate. It is true that suction and pressure producers may be made 
to gasify comj)aratively large quantities of fuel per hour for rela- 
tively short i)eriods, but in actual operation with ordinary grades of 
fuel it is doubtful if the consumption will ex(;eed 15 to 16 pounds per 
square foot of fuel-bed area. The normal figure seems to be much 
nearer 10 pounds, although, of course, some variation should be 
allowed for the *' workability of the fuel." Even 10 pounds may be 
a high figure in the case of fuels having a large percentage of Jish or a 
sulphur content that tends to produce serious clinkering. 

Of late considerable emphasis has been laid upon the rate of fuel 
consumption and the tendency to overrate producer i>lants for power 
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purposes, and manufacturers of producers are giving these matters 
much consideration. 

The depth of the fuel bed carried in the various plants seems to 
differ considerably. It is essential to have the fuel bed at all times 
deep enough to properly reduce the carbon dioxide to carbon monox- 
ide. It is also important that the fuel bed be deep enough to prevent 
excessive heating and burning of the gas and the formation of large 
channels by the draft. The proper depth of the incandescent zone 
will of necessity vary materially with the character of the fuel, but 
in general will be from 2 to 4 feet. 

OAS YIELD OF FUEL8. 

The quantity of producer gas derived from a ton of fuel will vary 
according to the fuel used, the type of producer plant, and the 
method of operating. At the St. Louis plant of the (Geological 
Survey the number of cubic feet of gas produced from various fuels 
in an up-draft pressure producer per poimd of fuel was as follows: 

Quantity offfos produced per pound of fuel in on up-draft presture producer. 



Character of fuel. 


Average. 


Maximum. 


MiDimmn. 


As fired. 


Dry. 


As fired. 


Dry. 


As fired. 


Dry. 


Bituminous coal 


Cubieftel. 
GO. 5 
35.8 
30.3 


Cuhic/tet. 
04.7 
45.7 
38.3 


100.8 
45.9 


CtMefeet. 

103.5 

52.8 


CmUefed. 

37.0 

' 36.1 


Cuiftefeet. 
40.9 


Lignite 


38.8 


Teat 















The relation of tliis gas production to the calorific power of the 
fuel is sliown in figure 8. 

Based on the above averages the yield of gas, in cubic feet per 
pound of dry fuel, which may be expected in this type of producer 
from various fuels is, rouglily, as follows: Coke or charcoal, 90; 
anthracite, 75; bituminous coal, 65; lignite, 46; and peat, 38. 

On tlie basis of the Survey's tests the gas yield and the heat value 
of the gas per ton of fuel as fired are approximately as follows: 

Yield and heat value of gas per ton of fuel as fired in an up-draft pressure producer. 



Character of fuel. 



Coke or charcoal 

Anthracite 

Bituminous colli 

Lignite 

Peat 



Cubic feet 

of gasper 

ton of fuel 

as fired. 



170,000 

140,000 

120,000 

72,000 

60,000 



B.t. U. 

in gas per 

cubic 

foot. 



140 
135 
152 

158 
175 



B. t. u. in 

gas per ton 

of fuel as 

fired. 



23,800,000 
19,000,000 
18,300,000 
11,400,000 
10,500,000 



PRODUCBS QAfi AND PRODUOER-OAB PLANTS. 






I 



48 RESUME OF PBODCCEB-OAS IXVESTIGATIONS. 

E88EHTIAI. FACTOB8 IH THB PBODITCTIOH OF GAS OF T7NIFORM 



RATIO OF AIR AXD STEAM IK THE BLAST. 

It Ls essential in gas-producer work that the quantity of gas de- 
veloped l>e made to vary with the demands of the plant. In order 
that the fuel bed may be maintained in good working condition, it 
is important that the proportions of air and steam suppUed be prop- 
erly adjusted. An excess of air naturaUy causes an increase in the 
tem[>erature of the fuel bed and tends to promote complete com- 
bustion. Hiis means an excessive quantity of carbon dioxide in the 
gas produced and a reduction of the quantity of carbon monoxide 
below the proportion desired. Too much steam lowers the temper- 
ture of the fuel bed to such an extent as to render the making of 
good gas practically impossible. Of course, the two conditions 
mentioned are extremes, but it is possible to find, even in plants 
operating under commercial conditions, great fluctuations in the 
quaUty of the gas that are directly due to changes in the proportion 
of air to steam in the blast. Such irregularities are particularly bad 
in the case of producers generating gas for power purposes, although 
tliey may be equally bad where the gas is used in certain types of 
metallurgical work. Some method of r^^ulating both the air and 
the steam supply seems essential. Many of the manufacturers 
claim to have automatic devices for this purpose, and while it is 
true that some of these work satisfactorily when the load fluctu- 
ations are not extreme, it is questionable whether they meet all the 
r(H|uirements when the demands fluctuate rapidly from no load to 
full load or from extremely low loads to high ones. 

QUANTITY OF STEAM REQUIRED. 

Definite figures regarding the quantity of steam required by pro- 
ducers per pound of coal fired are available for European plants 
operating on certain well-tried fuels. For example, in Belgium with 
go()(l# grades of anthracite small suction-producer plants require 
from 0.7 to 1 pound of water for the vaporizer for each pound of coal 
fired, and the scrubber water amounts to from 10 to 15 pounds per 
pound of coal fired. Although it is true that fairly definite figures 
may he had for similar types of installations in this country using 
antliracitc, it is equally true that at the present time no data that 
rriuy be n^garded as absolutely reliable and conclusive can be given 
for plants in the United States operating on bituminous coal. It 
is to 1)0 o.x]hh'UhI that the quantity of moisture required for successful 
gas i)ro<hiction will vary greatly wath the kind of fuel and the per- 
centage of moisture which it contains at the time of firing. At pres- 
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ent, however, little or no information relating to tliis matter is avail- 
able for any considerable variety of fuels. 

One writer on the subject states that for good average working in 
an ordinary producer 6 per cent of the weight of the blast, or about 
10 per cent of its volume, may be steam; that sometimes about 25 
per cent more steam than this is used and the weight of the steam 
may be figured as one-third to two-fifths of that of the coal gasified, 
or approximately a boiler horsepower per ton of coal burned. 

Another writer says that the maximum weight of steam j)er pound 
of carbon which can be used if the highest efiiciency is to be obtained 
is 0.64 of a pound. 

Another states that for steam-raising purposes there shoidd be 
available not less than 1 J pounds per brake horsepower hour. 

One engineer of large experience has stated that 7 per cent by 
weight is the maximum quantity of steam whicli should be used in 
an ordinary steam-blown producer. 

A lai^e number of fuels have been utilized in the survey's tests, 
but as only one test usually could be made on each fuel, no definite 
results regarding the quantity of steam required could be obtained. 
The records show that for the pressure plant used at St. Louis the 
water required in the vaporizer per pound of coal fired varied from 
0.28 to 1.13 pounds. The average for twenty bituminous coals 
taken at random is 0.69 pound. With the same installation at Nor- 
folk, possibly excepting some sUght changes in the air supply, the 
water consumption per pound of coal fired on a series of coals of 
practically the same grade showed a variation from 0.69 to 1.12 
pounds. It is interesting to note, however, that for a series of tests 
in which an attempt was made to vary the air and steam supply and 
at the same time produce a high-grade gas, the quantity of water 
per pound of coal was steadily reduced, as shown by the following: 

Quantity of water per pound of coal fired. 

Teet — Pounds. TeHt - rounds. 

No. 1 1.12 No. 4 0.82 

No. 2 1.14 No. 5 77 

No. 3 1.04 No. 6 G9 

In one plant in Sweden this problem of air and steam supply has 
been much simplified by drying the fuel (peat) just enough to do 
away with the necessity of introducing moisture into the blast. It 
is found that when the peat is air-dried until it contains 30 per cent 
of moisture no steam is necessary in the operation of the j)lant. If 
the percentage of moisture in the fuel is reduced below this point 
steam is required, and if the percentage amounts to more than 30 
per cent there is an excess of moisture and chilling of the fuel bed 
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of producer described on pages 28-30. As indicated in the descrip- 
tion, the vapors and gases distilled from the fresh fuel charged at the 
top of the producer are drawn down by suction through the incan- 
descent fuel bed in the central and lower portion of the generator. 
Tlie supposition is that these tarry vapors when subjected to the high 
temperature of the incandescent fuel bed in conjunction with a 
restricted air supply are converted into fixed gases, which become 
part of tlie gas mixture drawn out by the exhauster and sent to the 
gas holders. Under excellent operating conditions this change 
practically takes place, and, although a small portion of the tar vapors 
may be burned in passing into the incandescent bed, a clean gas free 
from tar and lampblack is developed. If the conditions are not 
quite so good and the temperature of the incandescent fuel bed is 
either too high or too low, diflSculty is experienced in generating a 
clean gas. When the temperature is too low for the complete con- 
version of the hydrocarbon vapors a certain quantity of tar will pass 
through the system. Tliis quantity is small and with most fuels is 
negUgible, although experience has shown that it is practically impos- 
sible to absolutely eUminate the production of tar from a few varieties 
of bituminous coal especially liigh in tar-producing compounds. 

Under certain operating conditions some of the carbon, owing to the 
restricted air supply, will be Uberated in the form of fine, oily soot or 
lampblack. The formation of lampblack in down-draft plants is 
frequent, and satisfactory removal is somewhat difficult. No great 
liarm results from this material in the majority of plants, although it 
is nearly as objectionable about a plant as tar. It is, of course, more 
easily disposed of and the quantity deposited is relatively small. As 
far as experience at the Survey^s plants has shown there seems to be 
no injurious effect from lampblack in the engine cylinders, but the 
same may bo said of tar. The difficulty with such material is not in 
the engine cylindei-s themselves, but in the passages, valve connec- 
tions, governing attachments, and other mechanisms which may 
become clogged by these substances. The removal of soot or lamp- 
black from the gas necessitates complete cleaning systems, as illus- 
trated by the wet and dry scrubbers shown in Plate IV (p. 28), 

The opinions of those most famiUar with the various processes of 
manufacturing producer gas from bituminous coal and other tarry 
fuels differ widely regarding the wisdom of attempting to transform 
the tarry compounds into permanent gases. The down-draft prin- 
ciple does not seem to be so popular in Europe as it is in this country. 
In spite of the many objections offered to the down-draft system it 
is interesting to note that over 50 per cent of the total horsepower 
developed by pro(hicer-gas power plants in the United States is 
derived from dowTi-draft mstallations, and that plants of this type 
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represent a lai^ percentage of the total number of installations 
operating upon bituminous coal and lignite. As indicated in the 
general discussion regarding the labor required ui operating down- 
draft plants, the greatest drawback is not this question of convert- 
ing the tar into permanent gases, for in this such plants are fairly 
successful, but the excessive labor involved in ash removal and in 
general cleaning, wliich is required under normal conditions about 
once a week. 

UkBOB BEQT7IRED IN OPEBATINa PBODXJCEB PLANTS. 
GENERAL CONSIDERATIONS AND DATA. 

One of the great recolnmendations for the suction-producer plant, 
aside from its natural fuel economy, is the small amount of labor 
and attention required when the fuel used is satisfactory^ the pro- 
ducer-load factor is properly adjusted, and the operator understands 
the theory of the plant. It frequently happens in installations of 
moderate size, say from 25 to 100 horsepower, that the service re- 
quired of the operator amounts to only 2 or 3 hours j)er working day, 
and the remainder of his time can be utiUzed in any way desired. 
If the fuel magazine is large, if the air and steam supply is automat- 
ically regulated with some degree of precision, and if the load upon 
the producer is not excessive, it is not difScult to meet the conditions 
mentioned above, but in installations in which these points are not 
taken into consideration, or in which incompetent operators are 
employed, the results are often exceedingly disappointing. 

In general, pressure and down-draft plants are installed where 
relatively large units are desired. These units ordinarily run from 
250 to several thousand horsepower, and hence it is practically im- 
perative that one or more operators give their entire time to the 
producer-gas plant. The character of the employees required, the 
pay for their services, and the number of men necessary in a producer 
room will depend largely upon the general nature of the manufac- 
turing plant. In installations in which a chief operating engineer 
of experience is required in the engine and generator room the labor 
for the producers may be reduced to a minimum. In one installa- 
tion of 1,500 or more horsepower the producer labor amounts to one 
man per shift at $16 per week, with additional labor on Sundays to 
assist in cleaning the plant. 

Considerable information relating to the details of such plants and 
the labor required in their operation is contained in the data fol- 
lowing obtained by a personal inspection of sixty-nine producer-gas 
power installations in the United States. 
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 04 dMjt par mek, 
METHODS AND LABOR NECESSABT IN DIFFEEENT TYPE8 OF PLANTS. 



In operating n suction plant care is taken to remove the ash and 
clinker at frequent intervals, which can usually be done without 
seriously interfering with the operation of the plant. As far as pos- 
sible the clinker is kept near the grate and the ash is so removed as to 
keep the inciin<lescent bed just above the grate from becoDung clogged. 
This is essentitil in order to utilize as little of the power of the engine 
as possible in the production of the draft. 

PKBHSURR PLANTS. 

In the pressure system, unless grinding <lowii of the ash is carefully 
looked after, there is a constant accumulation which may prove 
objectionable. Serious elinkering may take place in the fuel bed 
but by proper manipulation the clinker may be so broken up that it 
will descend with the ash and be ground down into the ash pit. With 
the-se plants, often .'^et up without a water seal, it is imperative that 
the regular operation be discontinued occasionally in order that the 
u.sh and (blinker may be removed from the ash pit. It is possible to 
run these plants for two or three weeks without serious inconvenience 
with some t'i']>es of coal low in ash, provided there is no overload 
demand on the producer. Generally, however, it is necessary to shut 
down about once a week for the purpose of removing the ash and 
clinker. To overcome this objection in installatiuns which do not 
shut down on Sunday the producer can readily be placed in a water 
seal, tis shown in figure 20 (p. 88), thus allowing the removal of ash 
and clinker at will without interrupting the operation of the plant. 



62 RESUME OF PRODUCER-GAS IKVBSTIOATIONS. 

the continuous and smooth operation of a plant. Although such 
methods may not be essential (and are not in use to-day) in the well- 
tried steam-power plants using coal as fuel and without reserve units^ 
and although the matter of ease of cleaning may b© carried too far 
for commercial success in the manufacture of producers, yet it does 
seem desirable that the present methods be materially changed and 
that the labor involved in removing clinker from the interior of pro- 
ducer shells be greatly reduced and simplified. The removal of ash 
can be made comparatively easy provided clinker production be 
reduced; but with a large proportion of the fuels available for use in 
the plants on the market to-day clinkering seems to be a serious mat- 
ter, and interferes more than anything else except the ignorance and 
stupidity of the operator with the successful operation of the average 
plant. 

MECHANICALLY STIBItED PBODTJCBBS. 

So much difficulty has been experienced from channeling and 
clinkering in various producer plants that many attempts have been 
made to replace hand stoking by mechanical stoking. Various 
devices have been employed, one of which consists of a stirrer that 
projects into the fuel bed and is operated from the outside by shafting 
and gears. In another example the producer itself is divided into 
two or more transverse sections which are caused to rotate relatively 
to each other at a moderately slow speed. Other devices have also 
been tried with more or less success. It is claimed by the advocates 
of these devices that of necessity they produce more uniform condi- 
tions in the fuel bed than can be procured by hand stoking, because, 
being mechanical, they must operate at regular intervals, are not 
subject to the whim or indifference of the operator, and because the 
ash is continually moved and ground down. This uniformity of 
conditions in the fuel bed naturally tends to produce a more uniform 
gas, and should result in a relatively large production of gas per square 
foot of fuel-bed area. Plate III B (p. 24) illustrates the mechanism 
employed in one type of mechanically stirred producer. 

The opponents of mechanical stoking claim that since mechanical 
devices lack judgment the stoking is not done in a manner assuring 
the highest efficiency and most economical conditions in plants sub- 
jected to varying demands. It is also claimed that all such equipment 
adds materially to the care of a plant, that the apparatus is constantly 
undergoing repair and failing to respond to the requirements 
demanded, and that with some t^^^es of mechanical stokers the waste 
of fuel in the ashes is excessive. 

It is true that to a certain extent both arguments are valid when 
different types of installations are taken into account and the various 
requirements imposed on plants are considered; it is also true that 
the character of the fuel has much to do with the success or failure of 
such devices. 
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EFFIOIBNOY OF GAS P&ODUCBBS. 

DEFINITION. 

As in the case of many engineering appliances considerable confu- 
sion exists regarding the term " efficiency '' as applied to the gas 
producer. It is necessary to make the definition so clear that no 
misimderstanding can arise regarding the intended meaning. In 
producer practice two commercial efficiencies are usually recognized. 
It has been the custom in the Survey's tests to define these as ''effi- 
ciency of conversion and cleaning" and "gas-producer plant effi- 
ciency." By the first of these is meant the ratio of the actual number 
of heat units in the clean, cold gas deUvered to the gas holder or engine 
to the number of heat units in the dry coal actually charged into the 
producer during a given interval. In determining this efficiency no 
account is taken of the power required to drive any auxiUaries neces- 
sary for the manufacture of the gas and no allowance is made for any 
fuel used in generating blast steam in plants where this steam is made 
in an auxiliary boiler. Under ordinary conditions this is the efficiency 
upon which the manufacturer bases his guarantee, usually expressing 
it in some such terms as: "We guarantee the gas-generating system 
to operate commercially when supplied with fuel approved by us and 

having a heat value of not less than B. t. u. per pound of dry fuel, 

and when handled according to our instructions to deliver in the form 

of gas per cent of the energy contained in the fuel used in the gas 

generator." As many disputes have already arisen * regarding the 
exact meaning of this guarantee, it is well to have this phraseology 
made more explicit before the contract for the plant is made in so far 
as it affects an acceptance test. It is very difficult to secure a satis- 
factory adjustment of any misunderstanding after the letting of the 
contract. 

This efficiency, as defined above, relates primarily to power installa- 
tions in which the gas is used in engines, or to other types of plants in 
which the gas is cooled before being utilized. When used for heating 
purposes or other appUcations in which the gas passes directly from 
the producer to the point of utilization without cleaning or cooling 
beyond radiation losses, the efficiency of conversion is understood to 
mean the ratio of the total heat value of the hot gas direct from the 
producer to the total heat value of the dry coal consumed in the 
producer during a given interval. This efficiency will usually be 
considerably higher than the corresponding efficiency for the cool, 
clean gas, as the hot gas usually carries considerable quantities of 
tar vapors which add to its heat value but which in cooUng are con- 
densed and carried away in the scrubbing process. 

The second efficiency, or that of the gas-producer plant, is the 
ratio of the total heat value of the cold gas dehvered to the gas 
holder or engine during any given interval to the total heat value of 



66 RESUMf OF PBODDCEB-QAS IKVESTTOATIOnS. 

The field for these by'^roduct plants in the United States has not 
as yet been developed, but experience in Europe shows the visdom 
of utilizing this process in laige central installations uung bituminous 
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sold, and is used for roofing, paving, briquetting, and by tlie tar 
distilleries. 

The steam required by the plant is generated in Climax boilers. 
These are so arranged that either coal or producer gas may be used as 
fuel, or both at the same time if desired. 

After passing the centrifugal tar extractors the gas is cleaned by 
means of a sawdust purifier to insure freedom from tar before turning 
the gas into the mains, as a plug in the underground pipe lines would 
be serious. That this method of tar extraction has proved effective 
is shown by the following statement of the manager of the plant in a 
recent letter: "Since the plant started four years ago the pressure 
has never been out of the mains and the supply has never failed." 

COKB-OVEN AND BULST-FXTBNACE OAS. 

One of the most common types of gas producer is the blast furnace. 
Of course, the blast furnace is not built primarily for gas production, 
and the gas is simply a by-product. The quantity of gas generated 
in the ordinary blast furnace is large, and its use for heating purposes 
and for power development in gas engines has increased rapidly 
during the past few years, especially since the introduction of the 
large gas engine. 

The heat value of blast-furnace gas is low, averaging about 80 or 
90 B. t. u. per cubic foot, but it is an excellent gas for power pur- 
poses. Upon leaving the blast furnace the gas is exceedingly dirty, 
and before passing to the engine requires very thorough washing and 
cleaning, in order to prevent serious wear in the cylinders and the 
clogging of the engine passages. The cleaning equipment for such 
gas is necessarily large and expensive, but even with the high cost of 
cleaning it is economy to use this by-product, which otherwise would 
be wasted. Extensive installations of engines operating on blast- 
furnace gas are found all over Europe and also in the United States. 
Two of the most notable in this country are those at the Lackawanna 
Steel Company's plant at Buffalo, N. Y., and the Indiana Steel Com- 
pany's plant at Gary, Ind. The former installation develops 40,000 
horsepower by means of two-cycle gas engines in units of 1,000 and 
2,000 horsepower, and the latter consists of 17 units of 2,000-kilowatt 
rating each and 16 blowing engines of about the same capacity. Six 
new units of 3,000 kilowatts each have recently been ordered. 

Another gas that has been used more or less extensively and suc- 
cessfully abroad and in one or two installations in this coimtry is that 
from the by-product coke-oven plant; therefore the by-product coke 
oven, in a sense, may be regarded as a gas producer. This method of 
gas generation has attracted considerable attention of late, and in 
the opinion of some will eventually cause extensive installations of 
large by-product coke-oven plants to be made. It is claimed that by 

87080**— Bull, la— 11 6 
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this process the coke produced, which c«n be used for practically all 
domestic pur])oses, will pay costs and tliat all revenue derived from 
the sale of gas will be clear profit. Others believe that it will pay 
t<) erect such plants for the value of the gas alone, and that IIm 
coke will bo a prolit-inaking by-product. 

OAS DISTRIBUTION. 

One of the special advantages of gas, both as a fud and for use in 
the gas engine, is the ease with which it may be piped to different 
])ortions of a plant. If the gas is properly cleaned and freed from 
tar, it sliould cause no trouble in tlie distributing lines. For local 
transmission the pressure may be very low (only an ounce or two), 
thus making the u])keep of tlie pipe system small, as leaks can be 
stopped easily. No care is required in the way of insulation, as there 
is notliing wliich will comlense in the pipes. 

The situation is entirely different in the case of steam distribation. 
Here the pressures are liigh (100 to 150 pounds per square inch), the 
repair bill is often excessive, and leaks are a constant source of trouble. 
Inisulation is also required, which adds greatly to the cost, atei the 
methods of pipe laj^ing are necessarily expensive. When steam lines 
are long and improperly insulated serious losses result from condensa- 
tion. With steam the pressure in the lines must be high in order that 
the steam may enter the engine at or a little above the initial pres- 
sure required in the cylinder. With gas only enough pressure is 
require<l in the distributing lines to insure delivery, and in many 
cases the gas is below atmos|)heric pressure and is drawn into the 
engine by the suction stroke 

A large steam engine is usually erecte<l close to the boUers in order 
to lessen the troubles from condensation, leakage, and the cost of 
installation. Owing to the ease of gas distribution, gas engines may 
readily be locate<l at various portions of a plant. 

Tlie distribution of producer gas over extended areas is destined to 
become a considerable enterprise if the possibilities shown by such a 
plant as that described on i)age 68 are fully realized. For long-dis- 
tance tnmsmission of the gas the pressure in the mains is but a few 
pounds, being only 5 pounds in the plant referred to. This pressure 
is so low that the ui)keep of the pipe line is a very small item. 

ARBANQEMENT OF PLANT. 

In a great many producer installations little attention apparently 
has been paid to the j)roper location and arrangement of the operating 
n)oms. The difliculties that are so noticeable in many steam installa- 
tions are cropi)ing out in producer-gas plants, especially if they are 
comparatively small. Tt is only recently that care in arran^ng the 
power end of a manufacturing industry has received proper economic 
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coiisideration. Unfortunately there seems to be an idea that because 
economy in fuel utilization is claimed for producer-gas power plants, 
economy in every other direction must be practiced, even to the 
extent of sacrificing proper methods of installation and operation. 
This is an unfortunate attitude and is doing much to seriously inter- 
fere with the proi>er development of producer plants. 

One of the primarj' reciuisites of producer installations is convenient 
access to all parts of the plant and perfect freedom in manipulation. 
Additional room should be allotted wherever necessary for the pos- 
sible removal of any portion of the plant at any time, and the operat- 
ing room should be sufliciently large to provide plenty of light and 
ventilation for the comfort of the operators. This is particularly 
important in plants of the pressure type, owing to the tendency of the 
gas to escape into the room. In any type of plant the removal of 
ash and clinker is always accompanied by more or less dirt and dust, 
gaseous fumes and heat, and unless proper care is exercised they may 
prove sufliciently obnoxious to cause not only serious inconvenience 
to the. operator but possibly liis resignation. Satisfactory work can 
not be secured from operators who are required to labor in dark, 
dirty, cramped quarters. 

Additional precaution should be taken to provide proper drainage. 
Not only is this important from the standpoint of cleanliness, but the 
wash water from the scrubber is likely at times to contain consider- 
able sulphur and tarry matter, which may serve to clog the pipes and 
cause serious deterioration unless proper provisions for its disposition 
have been made. 

BEQUIBEMENTS OF A GOOD PRODtTCBR. 

In suggesting the rec|uirements of a goo<l produ(*.er it is deemed 
wise to utiUze directly suggestions of manufacturers. Among thctse 
are the following: 

1. The qiiftlity of the gaH uhould be under control. 

2. Clean gas should be assured. 

3. There should be no leakage of gas eith(?r when the producer is idle or in operation. 

4. The gasification should be rapid. 

6. All parts of the fuel bed should be easily accessible. 
6 A Urge fuel reservoir should be providtnl. 

7. The level of the fuel bed should, if possible, be kept constant. 

8. The producer installation should insure a uniform depth of fuel at all points and 

uniformity in the rate of gas production. 

9. Producers should allow the use of fuels of widely varying quality. 

10. Tlie producer installation should give accessibility to the ash bed and proper 

iicility for the removal of the ashes. 

11. Ptoducen should have poke holes at the top and sides. 

12. All puta of the producer should be easily accessible. 

13. Aimngement should be made for the removal of large clinkers. 

14. Operating valves should be tight and not affected by dirty gas. 
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15. All joints should be tight, so that air can not mix with the gas. 

16. The vaporizer should be so situated as not to be affected by expansion or 

contraction. 

17. Except in the down-draft type, no air should be admitted while feeding the coal. 

18. The quantity of water fed to the vaporizer should be controlled. 

19. If possible the steam entering the fuel bed should be superheated. 

20. Grates should operate with minimum waste of fuel. 

21 . The producer should respond to sudden changes of load. 

22. The retdstancc of the fuel bed and cleaning apparatus should be a minimum. 

23. The producer should insure ease in operation. 

24. The producer installation should insure, when required, continuous service. 

25. The working should be continuous, or if shut-downs are necessary, they should 

occur at long intervals and should be of as short duration as possible. 

26. The loss of heat in the producer should be as small as possible. 

27. The cost of labor and upkeep should be small. 

28. The first cost should be small. 

Obviously, at the present stage of development it is impossible to 
secure a plant meeting all these requirements, and it is questionable 
whether one without drawbacks will ever be built. In designing or 
purchasing a plant the points noted above should be considered and 
the type of plant selected wliich best meets the major requirements 
with the least number of objections. 

RAPED INTBODUCnON OF GA8-PBODXTCBB PLANTS. 

The use of producer gas for heating and reduction purposes in 
the iron and steel industries has been more or less general for the 
past 40 or 50 years and the number of gas-producer installations in 
connection with these industries has increased steadily from the 
first. During the past decade, however, unusual interest has been 
taken in the adaptation of producer gas to metallurgical work and 
to-day practically all the modem steel plants depend largely upon it 
in an extensive variety of applications, including its use for power 
generation. 

Although the development of the gas producer for heating and 
reduction i)uq)oses in the metallurgical and allied industries has 
of late been very rapid, the increase in the number of producer-gas 
power plants has been even more marked. Definite figures regarding 
the number of installations for heating and metallurgical purposes are 
not available, but special efforts have been made to secure a fairly 
complete list of producer-gas power plants in the United States. 
Such a list was prepared during the summer of 1909 and published 
in Bulletin 416* of the United States Geological Survey, covering 
the recent development of the producer-gas power plant in the 
United States. So interesting are the summaries and diagrams 
prepared from this extensive list that they are again presented in this 
report, as they indicate in concise form the rate of growth during 

a Reprinted as Bureau of ICines BoUetin 9, 1911. 
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the past decade and the general character of probably 85 per cent 
of the installations used for power purposes in the United States in 
1909. Figures 11 and 12 show the annual increase, both in number 
and in horsepower, of the producer-gas power plants operating on 
anthracite, bituminous coal, and lignite. 

The work of the Survey began in 1904 with a systematic investi- 
gation of the possible use of bituminous coals, lignite, and peat for 
generating producer gas for power purposes. A study of Figures 11 
and 12 shows clearly the marked increased in the number of plants 
and in the horsepower of such installations since the beginning of these 
researches. 

One of the fundamental reasons for this rapid development is the 
low fuel consumption of these plants per horsepower-hour. This con- 
sumption varies considerably with the heat value of the fuel, but 
the St. Louis tests show that even for the low-grade fuels the rela- 
tive consumption is low, as indicated in figure 13. 

At the time the list reported in Bulletin 416 was compiled (June, 
1909) there were over 500 power plants of this character in operation 
in the United States, ranging in size from 15 to 6,000 horsepower. 
Data secured from this list are summarized in the following table 
according to the type of fuel used and the capacity of the plant. 

It will be observed from this table that about 88 per cent of the 
total installations in this country are operating on anthracite (a few 
u^ng charcoal or coke), and that bituminous coal and lignite are 
used in the remaining 12 per cent. Of the total horsepower approxi- 
mately 57 per cent is derived from bitununous coal and lignite and 43 
per cent from anthracite, charcoal, and coke. In point of size it will 
be noted that the plants using bituminous coal average twelve and 
one-half times the size of those using antlu'acite. 



BiSUVfi OV PBODUCBB-CUB INTBSTiaATHnTB. 



9N0l±VmviSNI JO ON 



I I I i I I i i i i 



BESUm6 of PBODUCBB-QAS INTESTIOATIONS, 



' i 
 I 



uximntwiM 



PBODUCKB GAS AND PBODUCEB-OA8 PL.ANTS. 



77 



Tabulation of produeer-goM power phnU in the United States according to capacity and 

hind of fuel used. 



Chaacter of ftiel and apacity of 
pteat. 


Number 
of plants. 


Horsspowor. 




Per cent 
of total 
plants. 


Percent 


TotaL 


Average. 


Mini- 
mum. 


Maxl- 
mum. 


of horse- 
power. 


Anthndtc: 

Over 500 honepower 


8 
407 


7,560 
40,550 


960 
100 


600 
15 


1,500 
500 




















415 


48,100 1 116 


15 


1,500 


88 


43 


Bltominoiis coal: 

Over 500 bonepower 


20 
17 


49,000 
5.150 


2,450 
300 


750 
35 


6,000 
500 






fiOD hofMPowvr or loss 














37 


54,150 
7.275 


1,460 


35 


6,000 


8 


49 


Ugnito: 

OvfT 500 hofrnpo^w 


3 


2,430 

go 


526 
25 


3,750 
250 






500 hofWDowoT or Im 


19 li725 
















22 9,000 


410 


25 


3,750 


4 


8 


ABplnta. 


474 


111,250 


235 


15 


6»000 


100 


100 







Personal inspection of a large number of these installations has 
shown (1) that the plants as a whole are giving remarkable satis- 
faction considering the brief period of development since the intro- 
duction of this type of power, (2) that the most serious difficulty 
seems to arise from a lack of competent operators to run the plants 
rather than from defects or troubles inherent in the plants them- 
selves. 
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PBB80NNBL. 

The tests were outlined and supervised by R. H. Femald, engineer 
in diarge of producer-gas tests. 

At St. Louis the work was performed under the direction of J. A. 
Laird (October, 1904, to November, 1906), C. O. Nordensson (Novem- 
ber and December, 1906), and J. P. Quam (December, 1906, to Feb- 
ruary, 1907), and by C. W. Lununis, J. G. Culbertson, R. W. Cum- 
mings, H. G. Ecker, H. A. Grine, M. H. Mount, R. E. Peshak, Kurt 
Toensfeldt, W. C. Weidmann, C. A. Gibnore, John Laichinger, C. D. 
Smith, F. V. Roy, Curt Adler, W. B. Lenunon, John Sutor, C. L. 
Armstrong, Lauson Stone, J. G. Groodwin, W. L. Hempelmann, 
D. A. Barkley, J. K. Black, L. A. Delano, S. P. Howell, Julian Teza, 
W. J. Harris, jr., E. C. Herrling, A. B. Bridgeman, H. C. Austin, 
and D. F. Smith. 

. The tests made at Norfolk were outlined by R. H. Femald, and the 
work was performed, under the direction of D. T. Randall, by the 
following assistants: C. D. Smith, John Sutor, H. A. Grine, W. B. 
Lemmon, D. F. Smith, C. G. Adler, J. C. Bamaby, J, K. Black, 
H. M. Cooper, D. A. Barkley, A. B. Plummer, G. C. Faville, jr., 
W. H. Doyle, and Grover Sykes. All computations were made by 
Lauson Stone, S. P. Howell, and R. S. Scott. During the construc- 
tion period the following men were also employed for a few months: 
J. P. Quam, F. H. Vose, John Laichinger, J. E. Olivenbaum, C. E. 
Herrling, W. J. Harris, jr., and L. C. Hopkins. 

EQUIPMENT. 
THE ST. LOUIS PLANT. 

A general description of the plant employed for the tests at St. 
Ix)uis lias been presented under the head of pressure-producer plants 
in Part I, pages 21-26. In the original installation one producer and 
one economizer were used, but to facilitate the work a second pro- 
ducer and a second economizer were added before renewing the 
testing operations in May, 1905. The plant at that time consisted 
of two independent producers, both discharging into the same 
scrubber. These producers were worked independently, one being 
chained wliile the other was in operation. By this arrangement no 
time was lost in the tests, as a simple manipulation of valves brought 
the second producer into operation as soon as the first was cut out. 
The details of the installation are shown in figures 3 and 4 (pp. 23, 24). 

The first gas generator installed had a rated capacity of 250 horse- 
power, and is designated producer No. 7. The later addition was 
a 350-horsepower generator known as producer No. 8, which was 
operated upon anthracite during the exposition period as an exhibit 
in the power house of the Louisiana Purchase Exposition Co. This 
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gmerator was lined with an extra heavy layer of fire brick to make the 
internal diameter correspond to that of the 250-hor8epower generator. 
As the majority of coals tested ran high in sulphur — in one cose 
over 8 per cent — the original purifying equipment proved of little 
value, and at the time the additional installation was made a second 
purifier was added. This second purifier was deemed necessary, as 
experience had shown that a single purifier was not sufficient to 
remove the sulphur from gas generated from coals containing much 
over I per cent of that substance. The two purifiers were so arranged 
that th^ could be operated either singly or in series, as shown in 
figure 4. The addition of a second purifier produced no marked 
imiHvvement, and after a few weeks of unsatisfactory use the entire 
purifying system was discarded and the gas with its fuU chaige of 



Fiouu H.— CentrlluKal tar aitractor. 

sulphur was allowed to enter the engine cyhnders. There were no 
other changes in the operating portion of the plant so far us new 
iustaUations were concerned, although seTOral changes in detail were 
made from time to time as the nature of tlie work demanded. 

The centrifugal tar extractor used in connection with tliis plant 
proved to be very efficient when properly handled. This extractor, 
end and side views of which are shown in figure 14, was driven by a 
lO-horsepower electric motor. 

When the plant was first installed the scrubber was filled with 
coke, according to the usual custom. During test No. 39 it was noted 
that t^e gas did not flow freefy through the scrubber, and this 
trouble finally became so serious that the test had to be discontinued. 
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The coke was removed from the ecsrubber mud was found to be 
entirely fdled and coated with tany matter. A euppfy' of old bricks 
was available, and as an eaq>eiiment theae bricks were substituted 
for the coke. In putting the bricks into the scrubber no attempt 
was made to arrange them according to any system. They were 
sim|>ly thrown in, and the irregular {nle thus formed allowed ample 
8[)ace for the flow of gas and water, and at the same time the spacing 
was sufficientiy irregular to bring the gas and water into intimate 
contact. This brick filling served veiy satisfactorily from July, 
1905, until the close of the testing work in St. Louis in 1907, although 
at the time of dismantling the plant for transfer to Norfolk it was 
found that there was a core of tany matter and brick through which 
no gas could flow. This core, although about 2 feet in diameter, was 
not of suflicient size to seriously interfere with the regular functions 
of the scrubber. 

THE NORFOLK PLANT. 

Tlie producer-gas power plant installed at the fuel-testing station 
erected at Norfolk in 1907 consisted for the most part of the same 
apparatus that was used in the plant at St. Louis.* A small auxiliary 
boiler was added, however, and a part of the original equipment was 
discarded. 

Figure 1 5 shows the plan of the plant, as well as the general arrange- 
nicnt and ])rincipal dimensions. Figures 16, 17, and 18 show eleva- 
tions. As long tests were contemplated, a water seal was provided 
tlirough which ashes could be removed without interfering in any 
way with tlie operation of the producer. This arrangement, illus- 
tratc<l in figures 19 and 20, gave satisfaction, although the producer 
was TU)t designed for a water seal. Figure 20 also gives a section of 
the entire j)roducer, and shows the holes in the producer shell and 
fir(v})i'ir'k lining tlirough whicli temperature measurements of the fuel 
bed were made, and by means of which gas samples for analysis were 
taken. 

The economizers,^ although not used as such, were installed with the 
pr()(hic(»rH. They had their inner flues or tubes removed, and large 
gaH [)ipes from the bottom of the economizers completed the connec- 
tion between the producers and the scrubber, as shown in figure 16. 

Instead of fdling the scrubber with coke, as is the usual practice, 
it wiiH filled about two-thirds full of old bricks; these, however, were 
not thrown in promiscuously, as in the St. Louis plant, but were placed 
on edge, checkerwork style, with spaces of about an inch between 
tliom. The usual spray of water was provided at the top, and from all 
indications the results were as satisfactory as when coke is used.* 

a For a ilMOilptlon of the St. Louis plant, 8ee pp. 21-26. 
b For description of the eoonomUer, aee p. 25. 
c For description of the scrubber, see pp. 2&-26w 
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From the scnibber the gas went through a centnfugsl tar extractor 
driven by a lO-horsepower motor. From the tmr extractor the gas 
passed directly into a gaa holder having a capaistj of 4,000 cubic 
feet. 

The purifier installed in the St. Louis plant between the tv extractor 
and the gas holder was omitted in the Xorfolk plant. The purpose of 
the purifier is to absorb any sulphur that may be present in the gas, 
but inasmuch as the purifier furnished with this plant had been found 
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iiiHilcquatc and the St. Ijouis tests had demonstrated that the sulphur 
ill the gus produced no injurious effect upon the engine, the purifier 
W)is not moved to Norfolk with the rest of the St, Louis installation. 

After passing tlirough a meter having a capacity of 30,000 cubic feet 
per hour, the gas was delivered to a three-cylinder vertical Westing- 
house gns enj^e, rated at 235 brake horsepower on producer gas. 
The engine was belted to a sbt-pole 200-kilowatt Bullock direct- 
current generator, as indicated in figure 15, and shown on Plate 
VII.B. 
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The load on the electric generator was controlled by a w&ter rheo- 
stat, shown in Plate VHI, A. The generator, however, supplied 
power to several motors pertaining to the plant, but by means of the 
water iheostat the load on the gas engine, shown in Plate VIII, B, 
wu kept fairly uniform r^ardlees of excessive motor-load variations. 
The engine exhaust was muffled by passing it through a concrete 
expuuion chamber buried in the ground and covered with about 1 



novu 17— ElanOui otgMpnxDMN No. 8, Norfolk pluit. 

foot of earth. This gave such excellent satisfaction that it is shown 
in detail in figure 21. The outlet from the expansion chamber was an 
ordinary 12'-inch smokeetack, about 15 feet in height. This arrange- 
ment made the engine exhaust barely audible. On several occasions 
heavy exploaona occurred in the muffler, but the only effect was to 
raise or slightly displace the concrete cover. 
87080"— BbM. 23—11 7 
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Tie charging floor of the gas producers was arranged especially for 
ease in operation, and with reference to convenience in reading water 
meters, manometers, and other instruments, as indicated by Plate 
]X,A. 

Is order to determine accurately the amount of steam used by the 
producer, as well as the amount of coal required to generate this 
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Bt«am, a small upright boiler of about 15-horsepower capacity was 
installed. During the producer-gas tests this boiler supplied the 
steam necessaiy for the operation of the gas generator. All coal and 
water used were weighed, and in order to prevent an error in the 
figures on steam consumptioa care was taken to prevent the steam 
from risiDg to the blow-off pressure. The regular producer stokers 
tended this auxiliary boiler with little inconvenience. 
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Plate IX, Bj gives a view of the gas analysis laboratory. A com- 
plete analysis of the gas was made every two hours, and at 20-minuto 
intervals a determination of the calorific value of the gas was made 
with a Junker calorimeter. The heat value of the gas, as reported in 
this bulletin, is based on the high readings of the calorimeter. 

The water supply for the plant was variable and somewhat uncer- 
tain, and was responsible for numerous irreguIaritieB in operation. 
Connection was made with the city water mains at the ezpomtion 
grounds, but the supply from this source was lindted, and from time to 
time the pressure was so low that it was impossible to get a sufiUdent 
quantity of water for the gas-engine jackets. Time and funds were 
too limited to warrant the installation of an adequate water system, 
but , to supplement tiie city supply, two wells, 2 and 4 inches in diameter 
respectively y were driven to a depth of about 70 feet, and from these 
additional water was obtained. The two wells were connected to a 
motor-<lriven centrifugal pump, which delivered the water to a small 
settling tank, made necessary by the fine sand and shells which came 
from the wells. The settling tank was connected to a steam pump 
which delivered the water, at a pressure of about 25 pounds per 
square inch, to the pipe line supplying the plant. This arrangement 
gave absolutely no reserve, and if the pumps stopped the water supply 
was cut off. Connections with the city mains were accordingly left 
intact, so that in case the pumps failed the simple turning of a valve 
would provide a partial if not sufficient supply until the pumps were 
again in service. 

The water meters used were all of the piston type, and were so 
installed that they could be readily cahbrated at any time. The gas 
meter was examined and carefully repaired before being installed, 
and from time to time it was calibrated by means of the 4,000-eubic- 
foot gas holder. The scales used for weighing coal and water were 
frequently checked with standard weights. The switchboard instru- 
ments were calibrated by the Bureau of Standards. 

LOG ITEMS AND LOG AND BBPOBT FOBMa 

In order to show in detail the log items, the l(^-sheet forms, and 
the metliod of recording observations, the complete log for one shift 
of test No. 176 is presented. The forms used in computing and re- 
porting the tests are likewise illustrated by the report and computa- 
tions for the same run. Because of a rearrangement of the items in the 
final tabulated results given on pages 272 to 313 and 352 to 358 
the item numbers do not necessarily corresponil to the item numbers 
on the computation and report forms here presented. The forms 
here shown represent those used during the Pittsburg tests, altliough 
they were somewhat moiiified to meet tlie requirements of the new 
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equipment of the Pittsburg plant, and they show in general the 
obserTatitMis made and forms used throughout the tests at St. Louis 
tad Norfolk. 

OAS-PBODUCXa LOO. 
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RaoonM by Chao. Rowluds. 



CALORIMETER LOO. 



Test No. 176. 

Date: Feb. 9, 1900. 

Time: 8.30 a. m. to 4.30 p. m. 



Recorded by Edward Thomas. 



OAS-ANALYSIS LOO. 





Cu.ft. 
of gas. 

• 


Cu.cm. 

of 
water. 


Tempeimtore (deg. F.) 


Pressure. 


British ther- 
mal units. 


Time. • 


Water. 


Oas. 


Oas 
(in. of 
water). 


Barom- 
eter 
(in. of 
mer- 
cury). 


As 

read. 


Stand- 




Inlet. 


Outlet. 


Difter- 
enoe). 


ardised. 


&40t.m 


ai 
!i 

- 

Oasflai 


285 
285 
290 
285 
290 
310 
275 
275 
295 
285 
275 
280 
280 
300 
310 
ne Incal 
300 
315 
260 
270 
260 
840 
300 
290 


0.5 
0.5 
0.5 
0.5 
0.8 
0.7 
0.5 
0.7 


19.1 
19.4 
19.8 
19.9 
19.7 
19.8 
19.3 
19.9 


9.6 

9.9 

10.3 

10.4 

9.9 

10.1 

9.8 

10.2 

9.7 

9.7 

9.8 

10.4 

1U.9 

9.8 

8.8 

9.9 

9.1 

10.4 

10.8 

10.8 

8.9 

9.9 

10.5 


22.5 
22.5 
22.5 
23 






109 
112 
118 
118 
114 
124 
107 
111 
114 
10 
107 
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117 
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113 
107 
116 
111 
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9i0t.iii 




29.34 
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9.401. m 








10.00 t.m 


23 

23 

23 
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23.5 
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llJ)0&.m 







29.25 
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0.0 1 19.6 
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10 
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19.7 

19.6 
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24 
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29.24 




llSOp m 
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1.00 0. m 





29.14 
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S.00p. m 
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20.2 
20.9 




29.07 




}J0 p. m 




140 p. m 








4.00 p. m 

4.B p. m 
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Test No. 176. 
Date: Feb. 10, 1909. 
Time: 12.30 a. m. to 8.30 



m. 



Time. 



Cirbon dioxide (COs).. 

OwgBn(Of) 

Et^ine ((4H4) 

GvboQ monoxide (CO) 

HydPogw(H«) 

Methane (CH4) 

Nitrogen (Nt) 

Total 



12.50 a. m. 



Percent 
by vol. 



4.2 
.4 

.0 

24.8 

8.0 

.8 
60.0 



100.0 



Calculated 
B. t. u. 



81.6 

20.2 

8.0 



118.8 



2.30 a. m. 



Percent 
by vol. 



5.4 

.2 

.0 

23.2 

11.9 

.3 

59.0 



100.0 



Calculated 
B. t.u. 



76.3 

39.0 

3.0 



118.3 



7.00 a. m. 



Percent 
by vol. 



5.8 

.0 

.0 

10.0 

15.0 

.4 

57.1 



loao 



Calculated 
B. t. u. 



65.6 

52.2 

4.0 



121.7 



REPORT OF GAS-PRODUCER OPERATOR. 



Test No. 176. 

Date: Feb. 10, 1000. 

Time: 12.30 a. m. to 8.30 a. m. 



Producer in good working shape and ever>'thing running smoothly. 

Shot fire, and soon after poked fuel bed to fill up holes. There seems to be a tendency 

for blowholes to form in fuel bed: poked frequently to keep them filled. 
Suctfon at base of producer gradually increasing. 
Shot and poked flie; suction reduced to normal. 
Producer working well; fliel bed in excellent condition. Removed shovelfuls of 

lampblack from scrubber dust torap. 
Shot and poked fire; gas apparently ailing off in heat value; gas consumption increasing. 
Durlnx the past hour more ooal than usual has been charged into the producer, with a 
reraltlng Increase in the heat value of the gas and a decrease in the gas consumption. 
Removed 6 shovelfuls of lampblack fh>m dust trap. 
Producer in good working condition. 
Thickness 01 fuel bed: 
2 a. m., 6.8 feet. 
4 a.m., 6.0 feet 
6 a. m., 6.0 feet. 
8 a.m., 6.0 feet 



1140 a. m 
104 a.m. 

SiOa.m. 
155 a.m. 
110^ m. 

103 a.m. 
7.10 a.m. 

100 a.m. 



E. J. B1LUIIO8, Gat-pniucer opcrocor. 
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b£sUm£ of PRODUCEB-OAS INVE8TIOATION8. 



REPORT OF 0A8-BNGINS OPERATOR. 



Tast No. 176. 

Date: Feb. 10, 1900. 

Time: 12.90 e. m. to 8.30 & m. 



TIME 

12.30 a. m 
2.30 a.m. 
3.15 a. m . 
3.25 a.m. 
3.35 a.m. 

3.55 a.m. 

4.45 a.m. 
6.10 a.m. 
6.45 a. m . 
6.50 a.m. 
6.55 a.m. 
7.05 a. m . 



Engine carrying full load easily with gas 6 and air & 

Opened gas Talve to 6}, leavixig air 8. Retarded Ignltkm a little on center cylinder. 

Took set of indicator cards; retarded ignition on right cylinder. 

Gas valve set back to 6, air 8. « 

Opened Jacket-water inlet valve a small amount and eloesd from wide open to about 

naif open the oooUng-water valve for the exhaost-valve stem. 
Oas a little variable; engine feU off in speed slightly; op&atd gas valve to 0.5 for about 

1 minute. Oiled pressure regulator. 
Took set of indicator cards. 
Set gas valve at 5.9, air 8. 
Set eas valve at 5.75, air 8. 

Took set of indicator cards; advanced Ignition on oenter cylinder. 
Oas 5.5, air 8. 
Oas 5.8, air 8. Except for a little variation in the gas, the opsntlon of the engine has 

been very satisfactory throughout the shift. 



D. F. Smith, Oa^-efiifime optnltr. 



OIL AND WASTE REPORT. 



Kind of oU: Standard G. E. 

Kind of grease . 

Depth of oU la crank case at beginning of shift, 6 inches. 



Teat No. 170. 
Date: Feb. 10, 1909. 
Time: 12.30 a. m. to 8.30 1 



TIME. 



Oil used on gas engine and accessories: 
gallons 6 pints put into oil cups. 

gallons 6 pints used during shift. 

gallons of oil put in crank case. 
i>ounds of grease put in grease cups. 
pounds of waste obtained. 



Remarks: 



D. F. SMrrH, Chu-engHu optrator. 
REPORT OF GAS-PRODUCER TEST (1). 



Computed by C. A. 
Checked by F. E. W. 



10, 11,09. 



Test No. 170. 

Date: Feb. 8-13, 1909. 

Time: . 



I. Duration of tost in hours 104 

Average temperatures, degrees F.: 

2. Air entering economizer 74 

3. Air and vapor entering producer 

4. Gas leaving producer * 1,! 

6. Gas leaving economizer 

6. Gas leaving wet scrublwr 52 

7. Gas entering engine * 53 

Average pressures, inches of water: 

8. Air and vapor entering producer -I- .10 

9. Gas leaving producer — 8. 46 

10. Gas leaving economizer — 8.65 

II. Gas leaving wet scrubber '— 1&.80 

12. Gas entering dry scrubber + 6.21 

13. Gas entering engine + 2. 19 

Power to auxiliary motor: 

14. Average horsepower to run exhauster and compressor 3. 16 

15. Equivalent British thermal units per hour 8,042 

Water: 

16. Used In vaporizer, pounds 5^317 

17. Used in vaporizer per pound of fuel charged in producer .31 

18. Used in wot scrublxir, cubic feet 15,^ 

19. Used In wet scrubber per rated horsepower of producer per hour .96 

20. Used In wet scrubber per 1,000 cubic feet of gas produced ILOl 
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REPORT OF GAS-PRODUCER TEST (D-Conlinued. 

CnposMoooffkMllty veight. Per cent. Compositton of gas by voliinie: Percent. 

21. Moistiiie 1.37 2ft. Garbon dioxide (COt) 6.22 

22. Volatile matter 1&77 37. Ozygeo(Os) .13 

23. Fixed carbon. 7L41 28. Ethylene (C1H4 .01 

31.Ajh 1L46 29. Carbon monoxide (CO) 21.05 

lOaO 30. Hydrogen (H) 12.01 

35. Snlphar 48 31. Methane (CH4) .40 

32. Nitrogen (Nt) saoo 

loao 

REPORT OF GAS-PRODUCER TEST (2). 
Oompated by C. A. Test No. 176. 

Cheeked by F. E. W. Date: Feb. 8-13, 1909 

Time: . 



Fad: 

33. Total fdel charged In pitMluoer, pounds 16,670 

34. Total dry tael charged In producer, pounds 16,442 

35. Per cent of ash in dry ftiel 1 1. 61 

36. Total ash in Itiel , pounds 1 , 909 

37. Total refuse from i>roducer, pounds 2,731 

38. Total oombttstible charged in producer, pounds 14,633 

39. Total oombostible in refuse, pounds 822 

49. Per cent of total com bustible consumed 94. 34 

41. Fuel as Hred per hour, pounds 160. 3 

42. Dry fuel per hour, pounds 168. 1 

43. Combustible per hour, pounds 139. 7 

44. Fuel as fired per square foot of fuel-bed area, per hour, pounds 12. 37 

45. Dry fuel per square foot of fuel-bed area, per hour, pounds 12. 20 

46. Combustible per square foot of fuel-bed area, per hour, pounds 10. 78 

Gts (standard at 63* P. and 14.7 pounds pressure): 

47. Total cubic feet produced 1 , 315, 731 

48. Cubic feet per hour 12, 651 

49. Cubic iset per pound of ftiel as fired 78. 9 

50. Cable feet per pound of dry ftiel 80 

51. Cubic fset per pound of combustible 90. 6 

British thermal units: 

52. Per pound of fuel as fired 13, 725 

53. Per pound of dry fuel 13, 916 

54. Per pound of combustible 15,743 

56. From coal per hour 2,200,118 

56. Per cubic foot of standard gas 118. 9 

57. From gas per hour 1, 504, 204 



58. Of conversion of gas 68.37 

59. Of producer 68 



REPORT OF (;AS-EN(}INE TEST. 
(Sonimted by C. A. Teet No. 176. 

Cheeked by F. E. W. Date: Feb. 8-13, 1909. 

Time: . 



60. Dnratioooft stin hours 104 

61. RevDlntiona per minute, arenge 266 

62. BxplostoDS per minute, aTenge 133 

63. Cubic feet standard gas per hour 12, 641 



64. Maximum, first cylinder 310 

66. llaximnm, second cylinder 295 

66. Maximum, third cylinder. 814 

67. Mean effecttre, first cylinder 64. 51 

68. Mean effectiye, second cylinder 64. 61 

69. Men «llBctive, third cylinder. «^.'a 
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REPORT OF 0A8-EN0INE TEST— CoottniMd. 

Power developed: 

70. Indicated honepower, flnt oylinder 6&86 

71. Indicated honepower, aecond cyUnder SL42 

72. Indicated horaepower, third cylinder 80.92 

73. Total indicated honepower •168.40 

74. Brake honepower 19.8 

76. E lectrical hcnvepower 120. 8 

76. Gas honepower fiOl 



a Taken from curve shown in fig. 218 and deacrlbed oo p. 32i. 

REPORT OF GA8-ENQINE TEST. 
Computed by C. A. Teat No. 170. 

Checked by F. E. W. Date: FM>. S-13, 1900. 

Tima: . 



British thermal units per hour: 

77. Equivalent to indicated horsepower developed 407,709 

78. Equivalent to brake horsepower devek>ped 366,791 

79. Equivalent to electrical horsepower devetoped 307,416 

80. Equivalent to gas horsepower 1,604,204 

Tbvmal eflndency: 

81. Based on indicated horsepower developed and gas horsepower 27.10 

82. Based on brake horsepower developed and gas horsepower 2IL05 

83. Based on electrical horsepower developed and gas horsepower 20.44 

Cubic feet of standard gas per hour (62* F. and 14.7 pounds pressore): 

84. Per indicated horsepower developed 78.9 

85. Per brake horsepower developed 9&. 4 

86. Per electrical horsepower developed 104.6 

Jacket water: 

87. Inlet temperature, 'F 38 

88. Outlet temperature, 'F 129 

80. Total cubic feet used 8, 484 

90. Cubic feet per hour 81.58 

91. Cubic feet per indicated horsepower developed per hour .61 

92. Cubic feet per brake horsepower devetoped per hour .68 

REPORT OF GAS-POWER-PLANT TEST. 
Computed by C. A . Test No. 176l 

Checked by F. E. W. Date: Feb. 8-13, 1909. 

Time: . 

93. Duration of test in hours 104 

Horsepower: 

94. Indicated horsepower developed 163. 4 

95. Indicated horsepower commercially available 160.1 

96. Brake horsepower developed 139. 8 

97. Brake horsepower commercially available 136. 1 

98. Electrical horsepower devek)ped 120. 8 

99. Electrical horsepower commercially available 1 17. 6 

(e) Corn- 
Fuel consumed per hour: (a) As fired. (6) Dry. bustlble. 

100. Per Indicated honepower developed 0.96 0.97 0.86 

101. Per indicated horsepower commercially available l.Ol .99 .88 

102. Per brake horsepower developed 1.16 1.13 1.00 

103. Per brake honepower commercially available 1. 18 1. 16 1. 03 

104. Per electrical horsepower devetoped 1.33 1.31 1.16 

105. Per electrical horsepower commercially available 1.36 1.34 1.19 

British thermal units In fuel: 

106. Per indicated horsepower developed per hour 13,725 

107. Per brake horsepower developed per hour 16,784 

108. Per electrical horsepower developed per hour 18,254 
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REPORT OF OAS-POWBR-PLANT TEST-Conttnoed. 



Band on bnke lionepoww dtvetoped 10. 12 

IKiL P MBd on btmke horae p oircr com rnf i rr ift H y available 15.71 

IIL Band on electrical honepoww developed 13.M 

112. P MBd on electrical hoci epo we r cominefciaUy available 13.63 

113. Total water and, caUc feet 23 , S45 

114. Waterond per boar, cubic feet 229.3 

lis. Water and per brake bonepower devekq>ed per bour, cubic feet 1. 64 

MlnOaiieoas: 

116. Pounds of waste need 5 

117. Pounds of grease used 

U8. OaUonsofoUoMd 17.376 

COMPUTATIONS FOR TEST NO. 176. 
Oomputed by C. A. 

Cbaiked by F. E. W. 10, 11, W. Date: 

Watts used 24,540X10 

ItemR - 3.16 

746Xltain 1 746X104 

15. 2,545Xitem 14 -2,545X3.16 - 8,042 

Item 16 5,317 

17. - .32 

Item 33 16,670 

ItonlS 15,276 

150Xitem 1 150X104 

l.OOOXftemlS 1,000X15,276 

aa - 11.01 

Item 47 1,315,731 

34. Item 33X[100-item 21] 16,670X(inO-1.37) 

16. 442 

100 100 

100Xltem24 100X11.45 

15. - 11.61 

[100— Item 21] 100-1.37 

36. Item 34Xitem 35 16, 442X11.' 61 

r^ 1.90D 

100 100 

38. Item 34-item 36 -16,442-1,909 -- 14.533 

30. Item 37-ltera 36 -2,731-1.909 » 822 

Item 38-ltem 39 14. 533-822 

40. XlOO XlOO - 94.34 

Item 38 14,533 

Item 33 16.670 

41. - 100.3 

Iteml 104 

Item 34 16.442 

42. - 158.1 

Item 1 104 

Item 38 lt.533 

43. - 1.3Q.7 

Item 1 104 

Item 41 160.3 

41 - 12.37 

12.96 

Item 42 158.1 

411 - 12.20 

12.96 

Item 43 139.7 

41 - ia78 

12.96 
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RisUH^ OF PBODUCEB-OA8 INYESTKUXIONB. 



Computed by C. A. 
Checked by F. E. W. 



C^MPUTATIONB FOR TB8T NO. 17«. 



Data: — 



ItemiS. 


Item 47 


Item 1 


49. 


Item 48 


Item 41 


5a 


Item 48 


Item 42 


51. 


Item 48 



1.315,731 

101 
12,651 



- 13,661 



ieo.3 

12,661 



78.9 



80.0 



Item 43 
55. Item 41 X item 52 
57. Item 48X item 56 

Item 57 



58. 



50. 



-XlOO 



Item 55 

Item 57-item 15 



-XlOO 



Item 55 
63. Item 48-10 

70. Item 62X item 67XK| 

71. Item62XitemfiRXKi 
T2. Item 62 X item 69X K| 

73. Item 70+ item 71 -I- item ?2 
Item 75 



158.1 




12.661 
130.7 


90.6 


-16a3Xl3,72S -2,200,118 


-12,661X118.0 -1,60I,S0« 


1.504,204 

XlOO 

2.200,118 


68.87 


1.504.204-8.042 

xioo- 

2,200.118 


68.00 


-12.661-10 - 


12.641 


-133X64.5lxaO00W- 


&!k86 


-1.13X64. 61 xa 00636 - 


53.42 


— 133X60. 33X0. 006355— 


5a 92 


-55.86+53.42+50.92 - 


<ii6a2 


120.8 





74. 



75. 



Eff. of generator xef. of belt 
Vol tsX amperes 
740 



.OOX-96 
227X307 



139.8 



120.8 



746 



o This item as reirarterl. however, was taken from the cu^^'e shown in flg.218 and deaoribcd on p. 

COMPUTATIONS FOR TEST NO. 176. 



Computeil by C. A. 
Checked by F. E. W. 



Date: — 



Item 7t>. 



Item 57 



591 



2.545 

77. 2.M5Xltem7a 

78. 2.545Xitem74 

79. 2,545Xitem75 

80. Item 57 

Item 77 
Kl. 



1.504.204 

2.545 

-2,545X163.4- 415.853 

-2,545X139.8- 355,791 

-2.545X120.8- 307,436 

-1,004,204 



82. 



83. 



Item 80 
Item 78 



Item 80 
Item 79 

Item 80 
Item 63 

Item 73 
Item 63 



84. — 



8r.. 



8(k 



Item 74 
Item 63 

Item 75 



415.853 

1.504,204 
355,791 

1.504,204 
.107.436 

1.504,204 
12,641 

103.4 
12.641 

1.19.8 
12.641 

120.8 



27.65 



23.65 



20.44 



77.4 



90.4 



104.6 
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COMPUTATIONS FOB TS8T NO. 170-CoDtiDiiBd. 



ItcoMi 



9L 



82. 



Iton flO 
Item 90 
It«n73 
Itan 90 
Item 74 



8,484 
' 104 
8L68 
183.4 
81.68 
130.8 



V!. 



Item 94Xltcm 99 163.4X117.6 

Item 98 " iaO.8 
Item 96Xltem 99 130.8X117.6 



Item 98 iao.8 

9». Item 75-ltem 14-120.8-3.2 - 



81. S8 

.50 

.58 

159.1 

136.1 
117.6 



GonpatedbvC A. 
ChM^byF. £. W. 



COMPUTATIONS FOR TEST NO. 176. 



Date: 



Iton 100. 



lOL 



(«) 
Item 41 16a3 

Item 04 163.4 



H-0.98 



Item 41 100.3 



— 1.01 



Itt. 
VOL 
104. 

Mft. 

H». 
107. 
MS. 

100. 

no. 

IIL 
112. 
lU. 
Hi 
115. 



Item 95 150. 1 
Item 41 160.3 



— LIS 



Item 96 139.8 



Item 41 160.3 



Item 97 138.1 
Item 41 160.3 



— 1.18 



— 1.33 



1.36 



Item 98 120.8 
Item 41 160.3 
Item 99 117.6 
Item 52xit«m lOOa 
Item 52xitem llOi 
Item 52xitem 104* 
2,545 



Item 42 


158.1 


Item 94 


163.4 


Item 42 


158.1 


Item 95 


150.1 


Item 42 


156.1 


Item 96 


139.8 


Item 42 


158.1 


Item 97 136. 1 


Item 42 


158.1 


Item 96 


120.8 


Item 42 


156.1 



-0.97 



'^* . 99 



-il.13 



- 1. 16 



-1.31 



Item 43 


139.7 


Item 04 


163.4 


Item 43 


139.7 


Item 95 


150.1 


Item 43 


139.7 


Item 96 


139.8 


Item 43 


139.7 


Item 97 


136.1 


Item 43 


139.7 


Item 98 120.8 


Item 43 


139.7 



-0.85 



- .88 



-1.00 



-1.03 



-1.16 



xioo 



Item 99 117.6 

-13,725X .96 

-13,725X1.15 

-13,725X1.33 

2,545 



Item 107 

2,545 



XIOO 



1.34 -1.19 

Item 99 117.0 

13,451 

15,784 

• 18.254 

1(1. 12 



Item 52Xitem 103a 
2,545 



XIOO - 



XIOO 



Item 108 

2,M5 



Iton S2xiteoi lOSa 
Item 16 



-XIOO - 



62.5 
ItMn lU 
ItMii83 
Item 114 
Iton 06 



+ltem 18+ item 80— 



15,784 

2,545 

13,725X1.18 

2.545 

XKW 

18.254 

2.545 

13,725X1.36 

5.317 



X1()0 



XIOO - 



15.71 



13. 94 



13.63 



62.5 
23,845 

104 
229.3 



+15,276+8,484-23,845 



130.8 



- 229.3 



1.64 



xjT^S^^ 
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B&UME OF PBODUCEB-GAB INVESTIGATIONS. 



REPORT OF 0A8-ENGINB INDICATOR CARDS. 



Computed' by C A. 
Checked by F. E. W. 



TWtNo. 176. 

Dftto: Feb. 10, 1000. 

Time: 





Cylin- 
aer. 


Card 
No. 


E. p. m. 


Scale of 
spring. 


p«-»«. 


Indi- 
cated 
hone- 
poirer. 


Total 
Indi- 


Time. 


Comp. 


Max. 


Rel. 


M.e.p. 


oated 
hone* 
power. 


4.45 a. m 


R. 
C. 
L. 
R. 
C. 
L. 
R. 
C. 
L. 
R. 
C. 
L. 
R. 
C. 
1.. 
R. 
C. 
L. 
R. 
C. 
L. 
R. 
C. 
L. 




133 


300 


115 
135 
135 
115 
130 
130 
110 
117 
130 
100 
100 
130 
113 
130 
115 
115 
130 
135 
115 
130 
135 
115 
135 

lis 


330 
305 
380 
300 
8» 
330 
350 
30O 
330 
355 
385 
330 
330 
310 
340 
330 
330 
300 
390 
310 
300 
390 
300 
330 


27 
38 
25 
36 
35 
35 
27 
30 
35 
31 
35 
88 
30 
38 
33 
30 
27 
86 
35 
35 
33 
35 
35 
30 


08.00 
66.36 
50.40 
63.50 
61.85 
68L50 
68.80 
50.30 
64.40 
0X30 
08.85 
50LOO 
06.« 
66.00 
61.80 
67.80 
63.00 
61.00 
04.00 
65.88 
68.00 
65.00 
04.00 
57.00 


57.58 
55.05 
50.80 
58.87 
51.73 
58.83 
54.37 

5an 

54.43 

5101 
5156 
40.87 
56.00 
55.74 
5138 
87.87 
58.81 
5L56 
54.14 
55.68 
5140 
54.57 
54.80 
47.83 
















168.7 


6.50 a. m 




133 


300 
















157.4 


10.03 a.m 




134 


300 
















150.3 


13.03 p. m 




133 


300 
















155.0 


3.03 p. m 




133 


300 
















164.0 


4.03 p. m 




133 


300 
















108.0 


6.05 p. m 




133 


300 
















103.3 


8.06 p. m 




133 


300 
















" i50.*7 













CONDITIONS UNDBR WHICH THE TESTS WEBE CONDUOTED. 

The first producer-gas tests made (October, 1904) were begun on a 
basis of a total of 50 hours for each test. The plant was operated 10 
hours a day, and then fires were banked for the night and the run was 
continued the next morning. Tliis arrangement permitted but one 
tost a week, and as it was desired to test as many coals as possible 
before the close of the exposition period, a schedule was arranged for 
conducting two tests per week, each of 30consecutive hours. Between 
tests sufficient time was allowed to make the necessary change of 
fuel and to enable the fuel bed in the producer to be brought to a 
proper working condition. After the first series of 24 tests had been 
made, the plant was closed down for several weeks, during which 
time additional equipment was installed. 

Although the results obtained during the early tests were exceed- 
ingly gratifying]:, the operating conditions maintained after resuming 
the runs in May, 1905, were superior to those that formerly existed. 
Special attention was <lirecte(l to the measurement of the coal ac- 
tually used, and special charts and checking devices were introduced 
for this puqiose. 

The determination of the amount of coal actually burned in the 
producer for any given period is, at best, a factor of more or less 
uncertainty. To reduce the possible error to a minimum, it was 
deemed necessarj' to make the test on each coal as long as practicable. 
A schedule was therefore adopted in May, 1905, involving two 60- 
hovT tests per week. The first 8 to 12 hours of each nm were used for 
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getting the fuel bed into efficient working condition. While com- 
plete records were taken during this preparatory period , the official 
test^ as reported^ includes only the last 48 or 50 hours of the run, dur- 
ing which time conditions were kept as uniform as possible. 

Owing to the lack of reliability in the operation of the gas engine 
during the exposition period, many of the tests conducted at that 
time were only of a few hours' duration, but after May, 1905, no dif- 
ficulty was experienced in starting the engine at 8 a. m. Monday and 
nmning it day and night without stop until 8 a. m. Saturday, thus 
establishing beyond question the reliability of the gas engine when 
properly handled. 

Two diflFerent fuels a week were tested, and the change from one 
gas to the other was made without stopping the engine. 

In order to afford additional evidenre of the reliability of the gas 
producer and the gas engine, one test was carried far beyond the 
usual 60-hour period. The report of this te.st, which was on coal 
from a mine at Troy, 111., lasted 562 consecutive hours, and is of 
special interest. 

An important change was made in the igniter mechanism after 
the exposition period. The construction of the engine as furnished 
by the manufacturers allowed no variation of the ignition setting 
without stopping the engine. With a gas of uniform composition 
this fixed ignition might suffice, but under the conditions prevailing, 
with gases from a large variety of fuels, variable ignition was impera- 
tive and a special mechanism of simple design, shown in detail in 
figure 22A, was successfuUy adapted for this purpose. 

Throughout the tests efforts were made to do away with unneces- 
sary appliances. These attempts to simplify the apparatus furnished 
interesting and valuable information and centered attention on sev- 
eral radical changes in the details of producer-gas plant construction. 
The elimination of the purifier and the use of brick in place of coke 
in the scrubber have been described on pages 82 and 84. 

In the tests conducted on average bituminous coals no change in 
the chemical composition of the gas or in the efficiency of the plant 
was apparent when air at ordinary atmospheric temperature was 
substituted for preheated air. Accordingly, w^hen the second genera- 
tor and economizer were installed, the economizer was cut out of 
service by removing the tubes and closing the air inlet and outlet. 
The removal of the tubes aided materially in the successful handling 
of fine, dusty coals, inasmuch as with the regular construction some 
difficulty had been experienced in using such coals due to the clog- 
ging of the tubes by large quantities of coal dust which were con- 
tinually carried into them by the blast. Figures 22B and 22C give 
sectional views of the economizer, showing the arrangement of the 
tubes before their removal. 

S7080*'— BulJ. 13—11 8 
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All coal was delivered to the producer in ISO-pound durgee, ' 
the interval at which chargea were made waa Tailed according to 



I, VwlabMKillIloii mecbBDlsm; B,T«rUa1 




demands of the producer. The stoking of the fuel bed varied ci 
eiderably with the character of the fuel. With average grades of c 
the stoking interval was approximately 30 minutes. 
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llie ash bed was ground down at very irregular intervals, and 
oniaDy this operation was accompanied by a decrease in the heat 
value of the gas. This, however, was not always the case. In gen- 
eral, the thicker the fuel bed the less was the decrease in the heat 
value of the gas. For this reason if the fuel bed was comparatively 
thin it was generaUy built up or made tliicker by more frequent fuel 
charges just before grinding down. The amount the ash bed was 
ground down at any one time also had a considerable influence on the 
heat value of the gas, and during the latter part of the testing period 
at Norfolk the ash bed was ground down much less each time, but 
more frequently, than during the first part of the period. This 
method was satisfactory, and in a large measure prevented excessive 
fluctuations in the heat value of the gas. 

The fuels used produced considerable quantities of tar. Figures 
showing the approximate production^ of this substance are given in 
the table on pages 308-313. 

Power and light for the fuel-testing plant were supplied by an elec- 
tric generator and an electric motor driven by the gas engine. The 
motor load varied considerably, but the load on the engine was kept 
fairly uniform by means of a water rheostat, which was regulated by 
the engine operator. 

RBSITLTS OF TESTS. 

The following pages contain the tabulated results, graphic logs, 
and summaries of each test, together with detailed descriptions of 
the methods of operating during each run. 

ST. LOUIS TESTS. 



Alabama No. 2, test 2. — Alabama No. 2 was a clean, hard coal, 
which was fed in 1 to 1^ inch lumps. It did not cake excessively 
and worked well in the producer. The greatest trouble in its use 
arose from its shrinking away from the walls of the producer, and on 
this account it was necessary to bar it down against the walls about 
twice an hour. The lumps did not swell or fuse together. Graphic 
log is given on ptige 104. 

Alabarrui No. 4, test 109. — Alabama No. 4 was a clean, bright-looking 
coal, but a lai^e part of it was very fine when delivered on the producer 
platform. It gave unsatisfactory results in the producer. At the 
start the fuel bed was hot, and its temperature seemed to increase as 
the run continued. Trouble was also experienced from the gas burn- 
ing in the producer. An attempt to cool the fuel bed by cutting 
down the air supply resulted in decreasing the heat value of the gas 
so that the load had to be reduced. The heat value of the gas con- 
tinued to fall until, after 47 hours run. it waa only 68 B. t. u. per 
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cubic foot, and the test was abruptly brought to a close. The com- 
putatioufi of the t«et are based upon the first 24 hours of the run. 
Graphic log is given on page 105. 

AlabaTTia No. 6, teat 155. — Alabama No. 6 was a good pnxlucer^as 
fuel. It worked well in the producer and made a gas of uniform 
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qutUity liH\-ing an average heat value of 144 B, t, u. jjer cubic foot. A 
standard 50-hour test was made with full load. Graphic log is given 
on page 106. 

AKOXHTDTA. 

Argentina {apecinl), test lift. — The sample of fuel brought from 
Aigentina, South America, was of poor quality. Analysis showed 
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it to contain about 43 per cent of ash, only 31 per cent of fixed carbon, 
and about 18.5 per cent of volatile matter. When delivered on the 
producer platform it was dusty and contained considerable slate. 
Before beginning the run the coal was screened. The test was started 
•with a fuel bed of Pennsylrania coal upon which the Aigentina coal 
waa charged. For 
about 4 hours every- 
thing ran well and the 
gas generated was of 
good quality; then 
the gas b^an to de- 
crease in heat value; 
after 13 hours the 
eu^e stopped in 
ttfate of every effort 
to keep it going. It 
was evident that de- 
crease in heat value 
bc^an when the Penn- 
sylvania coal in the 
fud bed was nearly 
conaumed. The Ar- 
gentina coal fused so 
much that it was al- 
iQost impossible to 
force a poker through 
the hiel bed. The 
blast could get 
(lirough only around 

the edge and only p„„„ «._o„pwcioB,h«,,.«iN,..o9, Atotan,.Nv*».i. 
this part of the bed 

produced gas. After the first stop of the engine several attempts 
vere made to get the fuel bed into goo<l working condition and to 
■gain start the engine, but without success. It wua very difficult 
to break up and remove the clinker after tlie producer liad cooled 



Arhmaaa No. 7A, teat 96. — Tlib bituminous coal was shipped as 
Himp, but when delivered on the producer platform it was mostly 
&ie coal. In the producer it was luindled M'itli difhculty owing to a 
t^dency to fuse, which necessitated an excessive blast pressure, 
uie gas was remarkably uniform in quality and had an average heat 
^■lue of 126 B. t. u. per cubic foot. A full 50-hour run was made, 
ifith about three-fourths full load. Graphic log is given on page 107. 

Arhmsas No. 8, test 95. — Arkansas No. 8, a semianthracite coal, 
*u delivered to the producer platform as a mixture of «\aa,V^ viA 
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lumps up to 4 inches in diameter. During the run something was 
evidently wrong with the blast in the producer; howeTer, the t«st 
lasted 26 hours. The lieat value of tlie gas fluctuated considerably, 
but aventgod l.'tO B. t. u. per cubic foot for the run. Examination 
at the close of tlie test showed that the distributing hood for the blaat 
at the bottom of the producer ha<l become displaced, and in conae- 
quence liad not properly diffused tl\e blast. Graj^c log is given on 
puge 108. 

Ariajuaii No. JO, tett 91. — Arkansas No. 10 was a brown lignite, 
high in moisture. The heat value of the gas produced from tiiis fuel 



Fiouu U.— Unidih: lof itaeM, UM No. 155, Alabuiii No. t c<Ml. 

was riither low, nveriiging ]25 B. t. u. per cubic foot for the test, and 
much of tho tiniii it wiia 100 B. t. u. per cubic foot und even less. It 
wus (liilicuU to keep the fuel heil hot eiiougli. TJie steam pressure 
for the blust was unusuitlly high, und wus grailuully increased until 
it Wtts 75 ]K)unils; the giis pres.sure ut the top of Uie producer was then 
equivalent to 5 inches of wtiter, and fh(* li-st wus stopped. Through- 
out the run of IS hours, two-tliinis full loud wus carried. Graphic 
log is given on page 109. 

BRAZIL. 

Bra^ No. 1 , test 44. — Brazil No. 1 was 11 black, sliiny lignite of poor 
grade. Blow holes and clinker formed in the fuel bed. The gas woa 
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A mixture of California No, 1 and front-end cinders from locomo- 
tives, in the proportion of half and half by weight, was fed .into the 
gas producer under normal conditions, and the run continued for 
several hours, forming test 33. It was found impossible to maintain 
a supply of gas that would operate the engine under ordinary load. 
The analyses of the coal and cinders and resulting gas are given in 
the table on page 272. Graphic log is given on page 1 12. 

A mixture by weight of two-thirds California No. 1 and one-third 
frontr^nd cinders was used in test 34. This mixture worked much 
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better in the producer than the half-and-half mixture used in test 33, 
and a fairly good run of 24 hours' duration was made. The heat 
value of the gas averaged 133 B. t. u. per cubic foot, but varied con- 
desirably, necessitating changes in the load on the engine. 

COLOHAOO. 

Colorado No. 1, teat 15. — Colorado No. 1 was a subbituminous coal, 
which clinkered badly in the producer, in spite of frequent poking. 
The clinkers were not lai^e and could be broken up from the top of 
the producer. The gas was of a good, uniform quality, and there is 
no doubt that the fuel can be used to advantage in producers. The 
coal yielded 60 gallons of yellow tar. Graphic log is given on page 114. 



DITBB-niUTIOMS AT ST. LOUIB AND NOBFOLE. 



Florida No. 1, test //7.— The fuel for teat 117 was dark-brown peat, 
preesed into briquets. The fuel appeared to be dry, but contained 21 
per cent of moisture. The content of volatile matter was over 50 per 
coit. This peat woriced remarkably well in the producer. During the 
Grat few hours of the t«st there was a slight tendency to clinker, but 
hter this tendency entirely disappeared and the fuel bed was easily 
kept ingood condition. The 
gis produced was of uniform 
quality and had an average 
heat value of 175 B. t. u. 
per cubic foot. A load of 
241-brake horsepower (nor- 
mal full load, 235-brake 
horsepower) was easily car- 
lie)! tliroughout the entire 
testof 50 hours. During the 
Erst part of the run the tar 
extractor was not in opera- 
tion, and the meter was by- 
passed to avoid any possi- 
bility of closing. The gas 
was metered, however, dur- 
ing the last 24 hours of the 
test. Graphic It^ is given 
on page 115. 



Minois No. 3, teat 6.— The 
teat on this coal was very 
satiafactory. The gas was 
of good quality and the coal 

easily handled. There were fiqumss— OraiihicioRsh«t, i«itNo.»i,Ark4M»iNo. 
DO signs of clinkering, and '"'^ * 

It is certain that this coal could be used continuously without trouble 
from clinker. It may be considered a good gas-producer coal. Sixty 
gallons of tar were extracted during the run. Graphic I<^ is given on 
page 116. 

/Qtnoia No. 4, t^ 9. — There was no difficulty during the whole of 
&is teet in keeping the producer bed in good condition. The coal 
fielded 75 gallons of tar and gave a rich gas of uniform quality, 

iriiich left no trace of tar or sulphur in the engine valves. Graphic 

kg is given on page 117. 
Illinois No. 6B, test 35. — Illinois No. 6B was a coal of low calorific 

power, but it worked well in the producer. The gas was unusually 

tmifonn in quality and had an average heat value of 152 B. t. u. per 
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oubic foot. The test was contintied for 60 houra with a steady full 
load. Graphic log is given on page 118. 

lUinoia No. 7A, teat He.—Thiw attempt* to handle ZIUiuub No. 7A 
coal in the producer gave poor results. Tfas data fp-fva. were calcu- 
lated from Uie figures obtained in the third trial, a run of 11| hours, 
on about two-thirds full load. The fineness of the coal and the large 
percentage of impurities in it caused the failure of this test. Orphic. 
log is ^ven on pa^ 120. 

lUinms No. 7B, test £7: — A mixture of nut and pea sizes of lUiiioit 
No. 7B coal gave no trouble in the producer, although tiie coal was 



■t No. **, BittO Ni 



high in ash and sulphur. The averse heat value of the gas was 
139 B. t. u. per cubic foot. Amixture of lime and shavings, tried in 
the purifier instead of iron oxi<le, proved of little or no value for 
removiiiK sulphur from the gas. The test was an excellent 30-hour 
lun, with full load on the engine. Graphic log is given on page 121. 

Ittinois No. 7C. test S8. — The test on the poor-quality slock coal 
dosi^natod Illinois No. 7C w«a not Batisf«ctor>-. The heat value of 
the pas varied conaiderahly and averaged 120 B.t. u.per cubic foot. 
Some difficulty w»t4 experienced in handling the fuel bed owing to its 
tendency to become overheated near the edges. It was also difficult 
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(139 B. t. u. per cubic foot) is the average calculated from Hxe gaa 
aDalysea. Before beginning this t«et the purifiers were discai^ed, 
investigation having demonstrated the negligible value of the iron 
oxide or lime purifiers supplied with the plant for removing the 
sulphur from gas made from coal containing more than 1 per cent of 
sulphur. Graphic log is given on page 126. 

lUinoie No. IIA, test SO. — lUinois No. llA waa a very good gas- 
producer coal in the form of 6-inch lumps, and gave no trouble whal> 
ever in the gas generator. Air at atmospheric temperature waa used 
M* 1 19« ins in the blast during the en- 

'"■ *■"" '■*■ tire test. As thegascalo- 

rimeter was out of order, 
the heat value ^ven for 
the gas (166 B. t. u. per 
cubic foot) is the average 
calculated from the gas 
analyses. The apparent 
evaporation taken to de- 
termine the coal equiva- 
lent of the steam used by 
the producer waa that of 
Illinois No. llB, because 
no steaming test was made 
with Illinois No. 11 A. 
The teet lasted 53 houra, 
with full load. Graphic 
log is given on page 126. 

lUiTioia No. IIC, teat 
Se.— lUinois No. llC was 
No. 5 size washed coal, 
consisting of small lumps 
and fine dust. It did not 
work well in the pro- 
ducer, and the fuel bed 
got hot around the edges 
and in the center. The heat value of the gas was low (1 10 B. t. u. p^ 
cubic foot). The test lasted 24 hours, with an average load of 204 
brake horsepower. Graphic log is given on page 127, 

minois No. IID, testa 4^ and 4S. — Illinois No. IlD was a washed 
coal, size No. 3, of good quality. It was easily handled in the 
producer and required little poking. 

In test 42 it made a gas of uniform quality, with an average heat 
value of 138 B. t. u. per cubic foot. The heat value was determined 
from the gas analyses as the gas calorimeter was out of order. The 
test was made in producer No. 7 and lasted 50 hours, with a steady 
full load on the engine. 



FiauKi 31.~arBphlc log Bh«el, test No, 33, CalUomla No. 1 coBl. 
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TUinoia No. XI, test 105. — ^This was an endurance test, undertal 
to demonstrate the possibility oF continuous operatitm of 
engines supplied from producers fed with bituminous coal, and ^ 
quite successful, lasting 562 houra without intemiption. Hie c 
used gave as on average of six proximate analyses: Moisture, 14. 
volatile matter, 30.98; fixed carbon, 42.93; ash, 11.41; and sulp! 
(separately determined), 1.33 per cent. The heat Talue per poi 
of dry coal was 12,343 B. t. u. 

During the test calo'rimetric determinations of the heat value 
the gas were made every 20 minutes, and Tolumetiic analysis evi 



KiiirRE :i.V -<ira|ibic loeshn;!, test No. H, lUlDOlsNo. 3 coal. 

2 hours. The average heat value of the gas for the entire run \ 
1 .50.1 B. t. u. per cubic foot, and tlie average composition was as folic 

Uydrogen diHutphiilo (U.S) 0. 

I 'arbon dbxidc (< '(Jj) 9. 2 

Oxj-gen (0,) 

Ethylene (CjH.) 4 

Carbon moDoxide (CO) 20. 

Hydropen (H,) 16. 6 

Methane (CH,) 1, 9 

Nitrogen (N,) 53.0 

loao 
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the next test. An inspection of the producer plant showed that 
eyeiything was in good condition with the single exception of the 
dogged water-seal valve. 

During the test the average load was 225.5 brake horsepower and 
the coal consumption was 1.40 pounds (dry) per brake-horsepower 
hour. Especial attention is called to the fact that during this run, 
as well as during all subsequent tests at this plant, no attempt was 
made to remove the sulphur from the gas supplied to the engine. 
Graphic logs are given on pages 142, 143, 144, 145, 146, 147, 148. 

Illinois No. 22A, test iOJ^.— Illmois No. 22A worked well in the 
producer during the entire run. The gas was unusually uniform in 




Oenter cyUnder. M. E. P.. 66; Max.. 278; Kel., 90; 
I. H. P., 104.0. 





Right cylinder. M. E. P.. M; Max.. 272; Il4>l., 28; Left cylinder. M. E. P., 60; Max., 908; ReL, 82; 
I. H. P.. 100.6. L H. P., M.«. 

^GUEE 3S.— Indicator cards, test No. 35, Illinois No. 6B coal. Scale of spring, 80; revolutions |)or 

minute, 200. 

quality and had an average heat value of 160 B. t. u. per cubic foot, 
f'ull load was carried for 47 hours, after which time an accumulation 
of soot in the economizer interfered with the flow of gas and made it 
Jiecessary to reduce the load to about tliree-fourths full load. Though 
the run lasted 50 hours, the data used are for the time during which 
Wl load was maintained. Graphic log is given on page 148. 

lUinais No. 2SA, test 98. — Illinois No. 23A, a lump coal, was hard 
to handle in the producer and had a tendency to clinker. The heat 
v«Iue of the gas was uniform and averaged 148 B. t. u. per cubic foot, 
^e tar was unusually black and heavy and gave trouble at thA tac 
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lUinois No. S7, teat 1S7. — Illinois No. 27 was delivered on the pro- 
ducer platform after lying exposed to the weather for 5 months, in 
which time it had become quite thoroughly slacked. A fair teat, 
however, was made. Increase of the blast pressure hod a tendency 
to form channels in the fuel bed. The gas, which contained a hi^ 
percentage of carbon dioxide (12.4 per cent), was of poor and variable 
quality. Tlie average heat value was 123 B. t. u. per cubic foot. 
Tho test lasted 50 hours, with little over one-half full load. Graphic 
log is given on page 151. 



FidiKE -al.— araiihlc log thttl, Ifst Ho. 3S, lUiiuis Ka. TO coal. 

niinois -Vo. S9It, test /55.^Tliis Illinflis average run-of-mine coal 
worked well in tlio producer. Tlie gas was of fairlj' uniform quality 
duiing the giniter ])iirt of tjic run. At the beginning of the test the 
asli t>e(l was rather liigh, itiiii probably owing to this condition the 
heat viihie of (he giis later began to decrease. The ash bed was 
ground ilown, and after considerable poking of the fuel bed the heat 
value of the gas rose and was on the increase when the test ended. 
A standard 50-hour run was made, with approximately full load. 
The gas meter was by-passed during the entire test. Graphic log is 
given on page 152. 
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Indiana No. 7 A, test SI. — The mixed siunple of lump, egg, and nut 

coal, deeigiiat,ed Indiana No. 7A, proved to bo a good producer fuel, 

nuking a rich gas of imiform qudity without much labor expended 

on tbefud bed. The average heat value of the gas was 158.5 B. t. u. 

par cubic foot. The gas metw was temporarily out of order toward 

the close of the test, and on this account the portion of the run 

need in the computations is reduced to 45 hours, during which 

period the engine carried full load. Graphic log is given on page 156. 

Indiana No. 8, test 57. — The sample of nut coal known as Indians 

No. S was a good gas-producer fuel, making a gas with a heat value 



Fiaums M.— Graipbk: log itucl, Ust N'o. l(i, UliDoB Na. IIC coal. 

of 151.5 B. t. u. per cubic foot and of uniform quality. The duration 
of the test was 50 hours, with full load. Grapliic log is given on 
P&ge 156. 

ivdvina No. 9A, test 52. — Some diiriculty was experienced during 
the early portion of the nm on Indiana No. 9A, a lump coal. It 
'^^came apparent early in the test that tlie fuel bed was too thin, 
■^r the proper depth was secured no further trouble was encoun- 
twad. The heat value of the gas was fairly uniform and averaged 
152 B. t. u. per cubic foot. Deducting the extra time required in 
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getting the fuel bed into proper condition, a very satisfactory 45-hoiir 
test was completed. Graphic log is given on page 157. 

Indiana No. 11, test SI, — Indiana No. 11, a lump coal, was a 
fairly good producer-gas fuel, not requiring close attention. The 
heat value of the gas was reasonably uniform and averaged 147 
B. t. u. per cubic foot. The test lasted 40 hours, with steady full 
load. Grapliic log is given on page 157. 

Indiana No. 12, test 99. — Indiana No. 12 was a run-of-mine coal 
delivered on the producer platform, crushed to egg size. It worked 
well throughout the test, but had a slight tendency to cake at the 
top of the fuel bed. At the end of about 30 hours the economizer 




Center cyliMler- M. £. P., 60, Max., SSO, ReL, ». 
L H F M.7 





Rlffht cjllmler. X E. P., 60; Max. MO; Re I. 
«; I. H. P., M.7. 



\Afit cylinder. M. K. P , hi; Kel., 80; I. H. P., 

83. K. 



FtouRE 49. — Indicator cardSi test No. 42, Illiuois No. IID coal. Scale of spring, 80; revolutioiis per 

minat«, 204.5. 

became partly clogged with soot, and tlio pressure of tlie gas in the 
producer was thus considerably increased. The gas was of fairly 
uoiform quahty througliout the run and had an average heat value 
of 149 B. t. u. per cubic foot. No diinculty was experienced in 
completing a full 50-hour test under approximately full load. 
Graphic log is given on page 158. 

Indiana No. 13, test 132. — Indiana No. 13 was a dirty-appearing 
coal and contained much slack. During the first part of the test 
the fuel bed was in fairly good condition and the gas was moderately 
uniform in quality, with a heat value of about 140 B. t. u. per cubic 
foot. Toward the end of the test, however, the fuel bed became very 
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full load was carried during the 50-hour test. Ghraphic log is given 
on page 160. 

Indiana No. 15 j test 134- — Indiana No. 15, a clean-appearing run. 
of-mine coal, worked well in the producer. It had a slight tendency to 
fuse, but otherwise gave no trouble. Tlie heat value of the gas was 
fairly uniform and averaged 144 B. t. u. per cubic foot. When the 
test was about half completed it became necessary to grind down the 
ashes; during tliis process the heat value of the gas decreased 15 to 
20 B. t. u. per cubic foot. Soon after the heat value began to increase 
gradually, and finally returned to its normal figure. For 3 hours 
following the grinding down of the ashes the load was reduced to 




Center cylinder. M. E. P^ M; Mnz^ tM; BaL, 
«; I. H. P., lOlwlL 





Rlirht cylinder. M. K. P., (R; Max., S74; Rel., ^: 
I. H. P.. W.8. 



I^rt cy Under. M. E. P., M; Maz.,SM; ReL, t8; 
L H. P^ 10t.S. 



FiovRE 53.— Indicator ennls, test No. 41, Illinois No. 13 coal. Scale of sjMixig, 80; reyoluttons per 

minute, 203. 

about two-thirds full load. The test lasted 50 hours. Graphic log 
is pven on pa<re 160. 

Indiana No. 15, test 137. — Indiana No. 15, a run-of-niine coal con- 
taining considerable slack, worked well in the producer. The test 
was started \\ith a fuel bed about 3 J feet in tliickness. The fuel bed 
required frequent poking, but otherwise the coal gave no trouble. 
The heat value of the gas was fairly uniform, averaging 146 B. t. u. 
per cubic foot. Approximately full load was carried throughout the 
test of 50 hours. Graphic log is given on page 161. 

Indiana No. 16, test 130. — The fuel used in this test, Indiana No. 
16^ was a rather dirty-appearing coal containing considerable slack. 
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abruptly brought to a close by an ell in the pipe line clogging with 
soot ami tar. Graphic log is given on page 162. 

Indiana No. 18By test 135, — Indiana No. 18B, a lump coal, worked 
satisfactorily in the producer. The heat value of the gas was quite 
uniform and averaged 153 B. t. u. per cubic foot. During the last 
3 liours of tlie iesi the tar extractor was out of use because of a 
broken belt, consequently the gas meter was by-passed to avoid any 
accumulation of tar in the meter. A full 50-hour test was made 
with approximately full load. Grapliic log is given on page 162. 




Center cylinder. M. E. P., fS; Max., «S; ReL, 17: 

I. H. P., W.8. 





KIk'lit ryllnder. M. K. 1'.. CI; Max., 284; Uel., 26; 
I. H. 1\, 102.4. 



I^ft cylinder. M. E. P., 60; Max.. 252; Rel., 28; 
I. H. P., 80.0. 



P'lr.uHK ^M. Indkator cards, lest No. 37, Illinois No. 14 coal. Scale of spring, 80; revolutions per 

minute, 203.0 

INDIAN TERRITORY (OKLAHOMA). 

Indinn Ternto7ij No. /, test 1. — Tliis was a moderately free-burning 
cojil. It coked fairly well in the producer and required but little 
ntlention. Tlic coal was charged after being crushed and sized on a 
scieeri of ^-inch mesh. Tlie screening was done while the coal was 
wot, and considerable slack stuck to the lumps. Tlus coal may be 
consideied a good producer fuel. Two and one-lialf barrels of tar 
were extracted during the test. Graphic log is given on page 163. 

Indian Territory No. 4, test 20. — This coal burned well in the pro- 
ducer (hiring the early part of the test, but tlie character of the fuel 
seemed to change suddenly to a lower grade, after which the opera- 
tion of the producer was rather unsatisfactory and only partial load 
could be maintained. No trouble was experienced from clinker. 
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There was a slight tendency of the bed to become too hot, and 
during part of the test cold air was taken into the blast pipe. No 
clinker of any consequence formed. Graphic log is given on page 1 68. 
Kentucky No. 7, test 84- — Kentucky No. 7 proved to be a first- 
class producer fuel. It worked well in the producer, the fuel bed 
was cool, and no bad clinkers formed. Preheated air was used 
during the entire test. The heat value of the gas averaged 154 
B. t. u. per cubic foot. The required 50-hour test was completed 
with ease, the engine carrying full load. Graphic log is given on 
page 168. 




Center cylinder. M. I. P., M; Max., 280; ReL. St; 

L H. P., ».«. 





Right cyUnder. M. E. P^ 82; Max., 270; ReL, 32 ; 
L H. P., 98.4. 



Left rylinder. M. E. V.. :>*: Mux.. S»0; Kel., 21; 
I. n. P.. 86.7. 



FiouRB 58.— Indicator cards, test No. 40, niinois No. 15 coal. Scale of spring, 80; revolutions per 

minute, 201.4. 

MASSACHUSETTS. 

Massdchuaetts No. 1, test 97. — Massachusetts No. 1 consisted of a 
small quantity (less than 5 tons) of peat which had been macerated, 
pressed into bricks, and then dried. Lack of fuel made it impos- 
sible to nm a test of suflScient length to eliminate the factor of 
uncertainty, but the test proved that a satisfactor}' gas could be 
obtained, and no trouble was experienced in manipulating the fuel 
bed or in maintaining the load. On account of the small supply of 
peat, it was necessary to make the foundation of the fuel bed out of 
another fuel (Illinois coal), and it is impossible to tell exactly the 
respective proportions of the gas derived from the coal and from the 
peat. The figures are presented; however, for ^liat tVi<^'^ ^t^ ^q\\.V^ 
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getting the fuel bed into proper condition, a very satisfactory 45-hour 
test waa completed. Graphic log is given on page 157. 

Indiana No. 11, test SI. — Indiana No. 11, a lump coal, was a 
fairly good producer-gas fuel, not requiring close attention. The 
heat value of the gas was reasonal^ly imiform and averaged 147 
B. t. u. per cubic foot. The test lasted 40 hours, with steady full 
load. Graphic log is given on page 157. 

Indiana No. 12, test 99. — Indiana No. 12 was a nm-of-mine coal 
delivered on the producer platform, crushed to egg size. It worked 
well throughout the test, but had a slight tendency to cake at the 
top of the fuel bed. At the end of about 30 hours the economizer 




Center ogrJlnder. M. £. P.,fiO, Maz.,tM, Bel.,». 
L H P . M.7 





Bf^riit oylUKler. M E. P., M; Max. «60; Rel. 
aS; L H. P., 96.7. 



I^ft cylinder. M. E. P , &2; Rel., 30; I. H. P., 

83.8. 



VtoUKE 49. — Indicator cards, test No. 42, Illinois No. 11 D ooal. Scale of spring, 80; revolutions per 
' minute, 204.5. 

became partly clogged with soot, and the pressure of the gas in the 
producer was thus considerably increased. The gas was of fairly 
uniform quality throughout the run and had an average heat value 
of 149 B. t. u. per cubic foot. No difficulty was experienced in 
completing a full 50-hour test imder approximately full load. 
Graphic log is given on page 158. 

Indiana No. IS, test 132. — Indiana No. 13 was a dirty-appearing 
coal and contained much slack. During the first part of the test 
the fuel bed was in fairly good condition and the gas was moderately 
uoiform in quality, with a heat value of about 140 B. t. u. per cubic 
foot* Towuxi the end of the test, however, the fuel bed became very 



140 b£sumb op pboduceb-oas imtxstigations. 



llouu 03.— Ormphic \ok ihMt, Mt No. U. 1111 Dok Kd. 1»B ' 
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Tlie entire teat was run without the tar extractor, and to avoid cl(^- 
^n^ the gas meter was by-passed. The full SO-hour test was made 
witli about 85 per cent of full load. Graphic log is given on page 196, 
Tenjifssee A'o. £, test 107. — Tennessee No. 2 coal gave an excep- 
tionally good test, working well and yielding a gas with an average 
heat value of 168 B. t. u, per cuhic foot. Full load was carried 
throughout the 50-hour run. Graphic l(^ is given on page 197. 

Tennessee No. 3, test 106. — Tennessee No. 3 coal proved satisfac- 
tory. The gas was of fairly uniform composition and had a heat 
value averaging 160 B. t. u. per cubic foot. The test lasted 50 hours 
with full load. Graphic log is 
iMtjiMs itjtj pven on page 198. 

Tennessee No. 4, test Jll.~TeD- 
iicssee No. 4, a clean, bri^t, run- 
of-mine coal, was so fine when used 
as to be almost a slack The heat 
value of the gas averaged 162 B. 
t. u. per cubic foot and was fairly 
uniform. The water supply for 
the engine varied considerably and 
much of the time was insufficient. 
On this account the engine could 
not carry full load during the en- 
tire test. An accident to the mo- 
tor put the tar extractor out of use 
during the last 12 hours of the run. 
Tlie uncleaned gas, although it 
gave some trouble, did not cause 
a shutdown. A full 50-liour test 
was made. Graphic log is given 
on page 19S. 

Tennessee No. 5, test 185. — Ten- 
ni'.-^see No. 5, a bright, clean coal, 
mostly slack, worked well and gave 
no indications of clinkering. The 
fuel bed had a tendency to become 
too hot and required close watch- 
ing. The heat value of the ga.s was fairly uniform and averaged 142 
B. t. u. ]K'r cul)ic foot. The regulation .50-hour test was made, with 
about 90 per cent of full load. Grapliic log is given on page 199. 

Temtessei-- No. 0, test 110. — Tennessee No. 6, a clean-appoaring cod, 
worked well. It gave a gas which fluctuated con.sidcrably in compo- 
sition. The average heat value of the gas was 133 B. t. u. per cubic 
foot for the 30-hour run. On account of the low pressure in the 
water main supplying the engine jackets, full load could not be 
carried. Graphic log is given on p^e 200. 
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50 hours. No ste&ming test was made and the apparent er^wration 
determined for Texas No. 4 was used in the calculationa. Graphic 
log is given on page 204. 

TeMis No. 4t t^i 91. — Texas No. 4 was a typical brown lignite, and 
was (loliTered to the producer platform crushed to e^ mze. It 
worked vcr>' satisfactorily. The heat value of the gas was nearly 
uniform and averaged 156 B. t. u. per cubic foot. The test was run 
for tlic full 50 hours, with approximately full load. Graphic log ia 
given on page 205. 



FioL-KE 180.— (imphlclogshett, UrtNo. 00, W«h[nBton No. 1 A coal. 
tTTAS. 

Utah jVo. 1, test 118. — Utah No. 1, a seemingly high-^ado coal, 
gave satisfm^tory results. It worked well and slioM'ed no signa of 
cluikcrinfj. The piis was fairly uniform in composition and hail an 
average heat value of 181 B. t. u. per ouhic foot. The test lasted 50 
hours, wilU a steady full load easily maintained. As there was no 
steaming test on this coal the ftppareiit evaporation was calculated 
as explained in tlie footnote on page 123. Grapliic log is given on 
page 205. 
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nm of 30 houre, with a steady full load. Graphic log is given on 

pige208. 

Virginia No. 8, test 160. — Virginia No. 6, when deUvered on the 
producer platform, was mostly slack. During the first part of the 
test the formation of channels at the sides of the producer gave some 
ttouble. With oidy partial load and by careful poking the fuel bed 
vt3 voriied into good condition, after which full load was carried. 
"Hie heat value of the gas was variable at first, but after the fuel 
bed was in good condition it became more uniform and averaged 1 38 
B. t.u. per cubic foot for the run. Grapliic log is given on page 209. 



riOUBi 184.— Graphic log sheet, Iwt No. 3, Wat Vir^nlB No. 1 coal. 
WASEntOTOIT. 

Washington No. lA, test 90. — Wasliington Xo. lA, a mixture of 
pea and dack, was a subbituminous coal which had been Wftshe<I. 
The gaa fluctuated in heat value, but by chaining fuel eveiy 20 min- 
utes, occasionally making a double charge, and by persistently poking 
the fuel bed, two-thirds full load was maintained. Ash accumulated 
rapidly, the fuel bed gradually increased in tliickness, and some 
trouble was experienced by burning of the gas at the top of the fuel 
bed. After running 29 hours the entire toad was taken from the 
aTOW— BuU. 13—11 16 
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engine and the bottom of the producer waa opened for the purpose 
of removing the ash. Id about 45 minutea the test was resumed 
with two-tliircia full load. The fuel bed continued to increase in 
thickness and it was difficult to keep it in good condition. The run 
was brougJit to a close after 40 hours. As there waa no steaming test 
on this coal, the apparent evaporation was assumed to be the same 
as that for Washington No. IB. Graphic log is given on page 210. 

TVashington No. IB, test 89. — Washington No. IB was a sub- 
bituminous coal high in volatile matter. It was delivered to the 
producer platform in run-of-mine form, but a large proportion of 
it had become slack, and to this may 
°*'I " '"' Km. be attributed the difficulty experienced 

in producing a gas of uniform quality. 
During the first few hours of the test the 
heat value c^ the gas was high (175 to 
200 B. t. u. per cubic foot), but it soon 
b^an to diminish, and though fluctuat- 
ing considerably, decreased to about 100 
B. t. u. per cubic foot at the end of the 
run. After 30 hours' run the new waters 
seal valve became filled with tar and soot 
to such an extent that it interfered with 
the flow of gas, and the pressure at the 
top of the producer became excessive. A 
change to the other producer relieved 
the difficulty, and for the next 4 hours 
the heat value of tlie gas was high, as 
in the beginning of the test, but it soon 
b^an to diminish rapidly and after a 
40-hour run the test was brought to a 
close. Graphic log is given on page 211. 
Washington No, IB, test 94. — ^A small 
quantity of the coal remaining from test 
89 was used for a short but compara- 
tively satisfactory test. The gas was of 
^'nL.'w^^^^I'no.'S^.'™' moderately uniform quality and had an 
average heat value of 144 B, t, u, per 
cubic foot. Full load was carried. Graphic log is given on page 212. 
Waskivgton No. 2, test i /^.—Washington No. 2 coal worked satis- 
factorily. It gave a rich gas of uniform quality except during the 
last few hours of the test, when the heat value of the gas decreased 
slightly. During the run of 35 hours the average heat value of the 
gas was 169 B. t. u. per cubic foot. Fluctuations in the water sup- 
ply caused variations in the engine load. Graphic log is given on 
page 212. 
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West Virffinia No. 4, teH 4- — Thia coal was soft and friable, and as 
chained consisted mainly of slack. It coked freelj at the top of the 
fuel bed and gave no indications of clinkeiing. Owing to the small 
supply of coal the test was necessarily of short duration, but enou^ 



8 « 



was done to sliow that it was an excellent gas-producer fuel. Graphic 
log is given on page 214, 

llVs( Virginia Xo. 7, teat S3. — ^This fuel was of Iii^ grade and it 
proved an excellent producer coal, yielding a rich gas of uniform 
quality. Graphic log is given on page 215. 



I': 



TlV.si Virffinia No. S, ttst lf>.— This was n good producer coal, 
altliimsrli it was difTicult to keep tlie fuel bed from becoming exces- 
sively hot on account <if the lar^e amount of fine coal in this par- 
ticular sample. The beat value of the gas was high and fairly uni- 
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(iiametcr anil as tlie coal cruslier was not available tiiese lumps 
were broken witli a liammer. Some rocklike pieces gave off spartn 
wlicn struck Vfith the liammer; otiier lumps contained much good 
coal. All lumps, if not too large, burned entirely through. The 
fuel had no tendency to clinker or cake, and worited exceedingly 
well, requiring little poking. The high percentage of ash (about 44 
per cent) caused tlie ash bed to increase in thickness very rapidlj, 
an<l as tins fact was not properly appreciated the ash bed was too 
hi^li mucli of the time for best results. Lumps much larger than 
desirable were charged. These large lumps, high ia ash, did not 



VtavKE 191.— Graphk' log sheet, Ust No. 8, Wnt Vlriiinla No. laooaL 

Imni entirely through, the ash layer formed interfering witli com- 
bustion. Bcenuso of the unpromising appearance of tlie coal little 
wa.s oxiioelcd of it . and the test was started with only part load, but 
after several hours' run the results warranted full load. j\fter 
maintiiiiiing full loud for 39 hours the accumulation of asli in tlie 
producer cnu.scd trouble, and the heat value of the gas diminished, 
necessitating a reduction to about 90 per cent of full load. By 
grinding down the ash bctl and by using greater care in breaking 
tlie lumps the heat value of the gas was increased so that at the end 
of the test full load was carried. The calculations for tlie teat are 



FiOUBB m.— Orapblo log abeet, tot No. M, W«rt VlrgUila No. 14 coal. 
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West Virffinia No. 90, UH 8t. — Good gas was mad? fnaa Wot 
Viiginia No. 20 coal, ahhou^ the aample tested was latgdy dnL 
On account of cold weather preheated air was used in ths Unl. 
The gas was fairly uniform in quality and had an average hMt viba 
of 156 B. t. u. per cubic foot for the 50-hour test. Gn^hio log  
given on page 223. 

Wtat Virginia No, £4, tat IM.— West Virginia No. 24 was a boM 
coal. But unlike the coal used in test 161, West Virgniia No. llB, 



it was almost entirely slack. The fuel bed required careful watching 
and gave some trouble from blowholes. The heat value of the gas 
fluctuated a great deal and at times was so low that the gas would 
not bum in the calorimeter. The average load for the 50-hour test 
wag about three-fourths of full load. The average heat value of the 
gas was 106 B. t. u. per cubic foot. No steaming test was run on 
this coal, and as the formula for calculating the apparent evapora- 
tion was inapplicable, no equivalent values were determined. 
Graphic log is given on page 224. 
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qunlity on account of th« difficulty fflcperienced in keeping tbe tud 
bed in good condition. Sixty galloufl of yellow tor were produced. 
Grapluc log is given on page 226. 

Wtjomirig Ao. 2B, teat 62, — Wyoming No. 2B, a low-gnde Intu- 
minous coal, can not be classed as a good producer fuel. It clinkend 
in the generator and difficulty was experienced in keepii^ the hid 
1>e<] free from blowholes. The gas was not of veiy unifonu quality, 
but had an average heat value of 147 B. t. u. per cubic foot. The 



test, liislcil ')<) Itours with a load which fluctuated considerably. 
Unipliic li)<^ is given on page 227. 

\Viloiiiiiiff No. S, ttd GO. — Wyoming No. 3 coal was somewhat 
(lilli<:ii1l to Iiaiullc in the producer, although it made a gas of fairly 
iiiiiforin qiiahty and having an average lieat value of 101 B. t. ii. per 
ciitiic foot. The fuel bed required fre<nient jjoldng to prevent the 
formation of blowholes. Graphic log is given on page 22S. 

Wy<imiiig jV«, 4, ''«' J^S. — Wyoming No. 4 coal worketl well in the 
producer, making a gas with an average heat value of 152 B. t. u. 
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per cubic foot and of generally uoifonn quality. At the beginning 
dthe test the fuel bed was rather thin, and after about 10 hours' run 
showed a tendency to bum through and form blowholea. Approxi- 
mately full load was carried during the 50-hour test. Graphic log 
it ^ven on page 229. 

Wyoming No. 5, teat II4. — Wyoming No. 5 coal worked unusually 
wdl in the producer, making a gas with an average heat value of 168 



B. t. u. per cubic foot. After running 35 hours the gas meter was 
by-passed and was not used again during the test. A few hours 
before the end of the run, trouble with an igniter on the engine caused 
a shutdown of about an hour. As there was no steaming test made 
on this coal the apparent evaporation was calculated as explained in 
the footnote on page 123. Graphic log is given on page 230. 

Wyoming No. 6, test 1$4- — Wyoming No. 6, a subbituminous coal, 
gave satisfactory results in the producer. It was easy to handle and 
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made a pas witli on average heat value of 172 B. t. u. per cuUc loot. 
During the 50-hour test full load was easily carried. Graphic log is 
given on page 231. 



iliscelUineous coie, test 151, — ^A firm, hard, light-colored coke ¥»a 
chained, as reccive<i, in 3-inch and 4-inch lumps on a fuel bed 5 to 51 
feet thick. During the first part of the test the gas was uniform in 
quality and had a heat value of about 125 B. t. u. per cubic foot. 
Toward the end of tlie run the heat value decreased, making the aver- 



KiuLKt Jiju.— Grapblc logibeet, Icet No. IS, WjomtiiE No. Imial. 

agp fur tlic It'st 121 B. t. u. per cubic foot. The fuel bed was rather 
liot and till' tciiipornture of the gas leaving the producer gradually 
iiicrciis('<l duriiifi the test, becoming as liigh as 1,004° F., though the 
average teni])erHtiiic was 8S3° F. A steady full load was carried 
throughout tlic 41-lu)ur test. Graphic log is given on page 232. 

(.'oke hrtfZi:, tint •T'^.^Tlie coke breeze used in this test was fup- 
nislied in two grades, coarse and fine. The coarse breeze, owing to 
its liglitnosfi and dryness, caused considerable trouble, the fuel bed 
getting too Iiiit near tlie generator walls The gaa fluctuated widely 
in quality, but had an average heat value of 137 B. t. u. per cubic 
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Jotiualaiiinjro.iitMlISS.— The Siat tort iii>d« attar tl»Md>' { 
tion of the plant at Norfolk waa of abort duration becaiuB of Ai 
limited water supply, but it Berred to tiy out tba plant befon 119 
long ruDB were attempted, and, on the whole, waa aatiafactoiy. ^ 
fuel used, a Viiginia run-of-mine coal, when dslivend on the prodnw 
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platfonn, was one-haU to two-thirds slack. Its heat vfdue was about 
12,600 B. t. u. per pound and it contained 15 per cent of ash. 
Although the stokers were new men and had never had any previous 
experience with gas producers, they kept the fuel bed in excellent 
condition. The quahty of the gas was fairly uniform. The engine 
ran satisfactorily and carried full load without difficulty. 

Water meters had not yet been installed, and consequently there 
is no record of the quantity of water used. The water preanira 
varied considerably at times, causing preignition and troi^lg ^ Xvihor 
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cttutg the engine cylinders. Owing to the unreliable water supply 
: itvas impossible to carry this test beyond S consecutive hours, a 
' period so short that the results can not be regarded as accurate. 
t Oriphic log is given on page 234. 

JAlIlSTOWB,lta.t. 

•^a-TMstovm No. S, teat I64. — The fuel used during test 164 waa a 
■*V«iionta3 run-of-mine coal from West Vii^nia. For several days 
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^fofe the test the producer was in running condition, but there was 
ta nnavoidable delay on account of lack of wat«r for cooling the 
eogbe cylinders. Duiing this delay the coal, which had been 
ebarged from time to time to hold the fire, caked into a hard mass, 
niacb had to be broken up by poking when the preliminary run was 



September 25: The engine was started for the preliminary run 
tt 10^5 a. m. On account of a new main bearing and the fact 
STMO"— Boll. 13—11 16 
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Scjttomber 27; At 1.15 a. m. the engine back fired a few tiiniB 
and there were soveral premature explosJons. These preigmtiou 
were stopped by the use of more jacket water. The producer v» 
in excellent working condition, but at 2.30 a. m., as tiie fuel bed wu 
getting ratlier low, the interval between chaises was changed from 1 
hour to 45 niiniit'es. Throughout the sliift the heat value of the gu 
varied only 10 B. t. u. and averaged 135 B. t. u. per cubic foot. 

During tho day sliift tlic producer was in excellent condition, 
and tlio engine worker) satisfactorily, but tlie load varied con^dcrably 
on account of a variable motor load. 



yiuuBE^xl.— GmpliltlOKHtieil, t«t No 

At 4.:J0 i>. ni. tlie right cylinder exhaustrvalve stem became closed, 
fit()]ti)ing the cireulation of water; the valve became verj' hot and 
Bcvcral premature exj>losi(>ns occurred. The valve stem waa cleared 
by using air, under 100 ]»ounds pressure, in reverse direction to the 
flow of water. During this time the load was necessarily reduced, 
dmppiug as low as two-tlurds of full load for about 15 minutes. 
Iniiiiodiately after tlio exhaust A-alve was cleared the engine carried 
full l<iad and gave no further trouble during tlie remainder of the 
shift. Tlic gas consumption, however, was large and continued 
hi^h imtil 10 ]). m., wlicn a new setting of the air and gas valves 
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materially lessened the amount used. This change is shown by the 
gnphic log. Throughout the shift the fuel bed was easily kept in 
good condition and the gas was of uniform quality. 

September 28: Except for a few back-fires the engine worked well 
and carried full load without difficulty during the morning shift. 
The producer was in good working order, but the coal difTered from 
that used during the preceding shifts. A considerable proportion of 
the coal used for the test was slack, and as the supply ran from the 



Fiauu W.— OraphU; l(« abeel, Iwl No. Ui, mU inerzc. 

delivery spout to the pile on the pniducnr plutforni there was a me- 
chanical separation, the lump coal n)lling to one side, so that the 
center of the pile, used during this sluft, was made up nlmost entirely 
of slack. The effect of chaiging slack is readily seen from the {;rai)liic 
log. The percent^e of CO, in the gas gradually increased, wliile 
tlwt of CO decreased; the avert^e heat value of the yas fell about 
10 B, t. u. during the sliift and the fuel be<l decreased ir» thickness, 
even though the coal was charged more frequently toward the end 
of the shift. This change in the charging interval was from 45 min- 
utes to 30 minutes. Ordinarily the fuel bed was poked every 30 
minutes, but during the last half of this sliift it was poked every 



15 minutw. VHth the deenue in the heat Tahw of tb 
was a eomepondang increase in the quantify of gas med 
load nmatned practieallT' eoi 
Except for a few Ij^ bae 
ii^ the eaily part erf the da] 
engine woAed well; the load 
was not steady on aooonni 
able motor load. Tbe oo* 
tained considerable slack 
charged every 30 minutes 
shift; the fad bed was poked 
ute instead of 15-minute inic 
the preceding shift. At 10 a. 
bed was ground down, and ii 
few minutes the heat value 
decreased about 10 B. t. n 
foot, but it soon recoTa«d, ai 
exception of one or two Tar 
fairly uniform during the rest 
Throughout the evening si 
gine worked satisfactorily; tk 
was in good condition and 
operated. Beginning at 4 
was chaiged every 40 minutes 
p. m. the water supply froz 
wells was temporarily inten 
the low-pressure city water n 
to. Tliis supply was for froi 
and it was necessary to redui 
about half; after 20 minutet 
well water was once more av 
full load was again carried. 

September 29: Throughou! 

ing ^if t the engine back-fire 

ally and there were a few 

explosions, but full load was c 

tained. The producer was i 

condition, with the gas gn 

creasing in heat value. M\ 

co&l was fired at 45-niinute 

The producer was in got 

order and was easily handled 

navu aoBL-Oimphto log itMet. tot No. day ghift. The engine ran 

IN, lamMtown No. 1 ooal. • . » i , i 

about 2 p. m., when the gai 

tion was fotmd to be unusually high, the temperature 
entering the engine was above normal, and it was ve 
to maintain the load. It was soon dafico^«T«d. l>;^l 
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running through the tar extractor and that the gas was not 
jpn>peil7 cleaned and cooled. The water was at once regulated and 

the end of the shift conditions were gradually improving, although 
dbe gas consumption was still high and the load was below normal. 

During the first part of the evening shift the engine did not run as 

oothly as usual and the gas consumption was rather high; but con- 
fitions were gradually improving, and at the end of the shift the 
e was working satisfactorily and carrying full load. The auto- 
matic regulator controlling the supply of steam to the producer gave 
lome trouble by imperfect action and caused sudden and irregular 
ehanges in the steam pressure at the producer blower. This did not 
continue long, however, and had no serious effect upon the fuel bed, 
iddch was in excellent condition. 

September 30: Full load was carried from midnight to 8 a. m., with 
a gradually decreasing gas consumption. At 3.30 a. m. premature 
explosions b^an in the right cylinder, but ceased when the quantity 
of jacket water was increased. The producer worked satisfactorily 
and yielded a gas of uniform quality with a heat value of about 140 
B. t. u. per cubic foot. 

The engine ran smoothly and gave no trouble during the day shifti 
but the load fluctuated more than usual, due to a varying motor 
load. At 9.05 a. m the circuit breaker blew out. During this shift 
the producer required much attention; the coal charged was mostly 
slack and there was a tendency for blowholes to form in the fuel bed. 
Considerable extra poking given the fuel bed did not seriously aflfect 
the heat value of the gas. At 3.30 p. m. a leaky packing on the cen- 
trifugal pump interrupted the well-water supply and it became neces- 
sary to use city water for a short period. At this time the city pres- 
sure was sufficient to provide ample water, making it unnecessary to 
reduce the load. 

During the first part of the evening shift there were several prema- 
ture explosions. These were effectually stopped by allowing a small 
stream of water to flow into the air inlet; otherwise the engine ran 
satisfactorily and carried full load without difficulty. The fuel bed 
was not in good condition and there was still some tendency to form 
blow^holes; the gas, however, was of goofl and fairly uniform quality. 
Throughout this shift the fuel bed was poked at frequent intervals 
and its condition gradually improved. 

October 1 : The engine ran steadily from midnight to 8 a. m., carry- 
ing full load on an average gas consumption, but with water rumiing 
into the air inlet to prevent premature explosions. The producer 
was in good working order. 

The engine ran satisfactorily throughout the day shift, but with a 
small stream of water running into the air inlet. The load was 
rather variable, due to fluctuations in the motor load. At 10,45 a« m. 



236 BESUMi OF PB0DUCER-GA8 INVESTIGATIONS. 

the ignition circuit was changed from the motor generator 
storage battery, and in so doing several charges misfired 
engine. Immediately a heavy explosion took place in the 
pipe and muffler, lifting tlie concrete cover of the muffler bi 
no harm. Throughout this shift the producer worked well, 
a gas of uniform quality. The coal fired was mostly slack. 

The engine ran smoothly until 7.42 p. m., when a wire 
convey motion from the crank shaft to the indicator broke 
across the igniter of the right cylinder, putting the whole 
circuit out of use and stopping the engine. The trouble^! 
found, was at once remedied, the engine was immediately 
and in a short time a full load was again carried. The ei 
stopped 1 1 minutes. The producer was in good woridng order i 
the entire shift. 

October 2: The engine ran steadily and carried full load 
difficulty throughout the morning shift. The fuel bed was in^ 
lent condition, producing a gas of uniformly good quality, 
a. m. the test was brought to a close, after a run of 144 hoi 
both the producer and the engine in good working order, 
log is given on page 235. 

JAMSSTOWV No. 4. 

Jame^toum No. 4y ^*< i6f5, — ^Thc fuel used during test 165, a 
River run-of-mine coal, when delivered on the producer pill 
contained a large proportion of slock. It was a high-grade 
containing l(*ss than 6 per cent ash, and having a heat vali 
14,600 B. t. u. per |)()un<l as fired. In order to have a good fue 
at the beginning of this run, regular firing was commenced b 
(liat(»ly after the close of test 164. During the interval of 8 h 
between the two runs, the engine wjis carefully examined, the igi 
were changed, and tlio jacket-water inlet to eac^h cyUnder was 
justed so as to equalize the distribution of water. At 3.20 p. n 
enghie was started with the fuel bed in good condition and yic 
gas with a heat value of about 135 B. t. u. per cubic foot. The o 
test began at 4 p. m. 

Throughout the evening shift the producer worked well. Th 
was of fairly uniform quaUty and had a heat value of about 135 B 
per cubic foot. Coal was charged every 30 minutes until 9 
when the charging interval was changed to 45 minutes as the tui 
was gradually increasing in thickness. The engine ran steadil; 
carried full load. 

October 3: The fuel bed was in excellent condition and w« 
well until 2.40 a. ni., when the heat value of tlie gas decreased i 
20 B. t. u. per cubic foot. It was soon discovered that the vibi 
of the tar extractor had nearl}^ closed a steam-pipe valve and th 
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:t off the necessary amount of steam for the blast. As soon as the 
lye was opened the gas began to unprove in quality, and in a short 
ne conditions were normal. Soon after 4 a. m., however, the gas 
ain decreased in heat value. The ash bed was high and the fuel 
d was rather thin, so the 30-minuto interval between fuel chaises 
18 restored and the heat value of the gas increased gradually from 

B. t. u. to 145 B. t. u. per cubic foot. Throughout the shift, which 
ded at 8 a. m., the engine worked weU, carrying full load except 
* a few minutes during the partial closing of the steam valve, 
"eady referred to. Even at this time, however, the load was only 
ghtly reduced. 

ki the beginning of the day shift the heat value of the gas was 
idually diminishing, the ash bed was high, the fuel bed was hot, and 
are was a blowhole in one side of the fuel bed. At 8.30 a. m. the 

1 bed was ground down about 5 inches and the heat value of the 
3 decreased to 110 B. t. u. per cubic foot. The gas consumption 
reased from 6,200 cubic feet to 6,700 cubic feet per 20 minutes, 
hough the load was reduced about 10 per cent. About 2 hours 
er the ash bed was ground down the heat value of the gas began 
increase and at the end of the shift was about 135 B. t. u. per 
3ic foot. At the same time the gas consumption decreased grad- 
lly to about 6,000 cubic feet per 20 minutes. The engine load 
ctuated considerably during the day on account of a variable 
•tor load. At 3.05 p. m. the circuit breaker blew out. 

it the beginning of the evening shift the condition of the fuel bed 
3 steadily, improving. At 5.45 p. m. the interval between fuel 
LTges was again changed to 45 minutes. The heat value of the gas 
dually increased until 9 p. m., when it was about 150 B. t. u. per 
)ic foot, and during the rest of the shift it was fairly uniform. The 
;ine ran satisfactorily and carried a steady full load. 
)ctober 4: Throughout the morning shift the producer worked 
eptionally well, yielding gas with a heat value of about 150 B. t. u. 
cubic foot. The average gas consumption wjis 5,600 cubic feet 
20 minutes. The engine ran steadily, easily carrying full load, 
'he fuel bed was in excellent condition from 8 a. m. to 4 p. m., 
I the gas was of uniformly good quality. The engine ran satis- 
liorily and gave no trouble. At 3.19 p. m. the circuit breaker 
IV out. 

'he producer worked satisfactorily during the evening shift, gen- 
ting gas with a heat value of about 150 B. t. u. per cubic foot. 
10 p. m. the ash bed was ground down 3 or 4 inches without 
icting the quaUty of the gas. The engine required little attention, 
1 ran steadily with a full load, consuming about 6,000 cubic feet 
;as per 20 minutes. 

)ctober 5: The producer was in good condition and yielded a gas 
imiform quality throughout the monung sVv\\\i. k\. \ ^, \sv, 'Cw^ 
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charpng interval was changed to 45 minutes. The engine ran steadiljf 
carrying fuU load, and most of the time the gas consumption iras 
less tlian 6,000 cubic feet per 20 minutes. 

The producer worked well during the day shift, generating gu 
with a heat value of about 140 B. t. u. per cubic foot.. At 9.20 a. m. 
one of the brushes on the tar-extractor motor was found to be in 
bad condition. The motor was stopped 55 minutes for repairs, and 
during this time uncleaned gas was used. No ill effects were noted 
on account of the tar, but it is probable that difficulty would hxn 
resulted if the gas had been used much longer without cleaning. 
At O.t'^0 a. m. the centrifugal pump was shut down for adjustment 
and the water for the engine was taken from the city main, being 
supplied through the steam pump in order to get the necessaij 
pressure. The city water was 8® to 10° F. warmer than the weD 
water and soon after the change was made several premature explo- 
sions occurred. By mcreasing the quantity of jacket water the 
temperature of the water leaving the engine jackets decreased from 
120'^ to 100° F. and the preignitions ceased. After about 2 hours 
the centrifugal punij) was again in good order and well water was 
available. The engine thereafter ran satisfactorily, on an average 
carrying full load with a gas consumption of about 6,000 cubic feet 
per 20 minutes. 

The asli bed was rather high at the b^inning of the evening shift, 
and at 6 p. m. it was groun<l down 3 or 4 inches. During the next 
hoiu' the heat value of tlie gas gradually decreased from 150 B. t. u. 
to 125 B. t. u. ])er cubic foot, and for the next 3 hours it increased 
gradiiaily to about 155 B. t. u. per cubic foot, where it remained 
fairly constant. The engine ran well throughout the shift, carrying 
full loail evon thiring tlic ])eriod of wide variation in the quality of 
the gas caused by grinding down the ash bed. During tlus time, 
however, the ratio of air to gas was changed several times by the 
engine operator. 

October G: Throughout the morning shift the producer was in 
excellent condition and yielded a rich gas with a heat value of about 
155 B. t. u. per cubic foot. Full load was easily maintained with 
a gas consumption of approximately 5,700 cubic feet per 20 minutes. 

The [)rothicer was in good order and gave a gas of uniform quality 
throujifhout the day shift. There were several premature explosions 
in tlie engine cylinders, although the outlet temperature of the 
jacket water was only 110° F. These explosions were stopped by 
allowing a small amount of water to drip into the air inlet. 

Throughout the evening shift both the engine and the producer 
worked satisfactorily. The fuel bed was in excellent condition and 
gave a gas with a heat value of about 150 B. t. u. per cubic foot. 
The engine ran steadily, carrying full load on a gas consumption of 
about 5,800 cubic feet per 20 minutes. 
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October 7 : At the b^inning of the morning shift smoke appeared 
tthe crank-case vent, and it was soon found that the center cylinder 
m "blowing" past the piston. The ignition on this cylinder was 
et a little later and more oil was put into the crank case; this seemed 
oreduce the ''blowing," and by 7.30 a. m. it was no longer discernible, 
lie condition of the fuel bed continued to be good but the ash bed 
ras high, and at 2 a. m. it was ground down about 4 inches with no 
loticeable effect on the quality of the gas. The engine ran steadily 
Jid carried full load. 

At the b^iiming of the day shift the fuel bed, although rather thin, 
ras in good condition and gave a gas with a heat value of about 145 
J. t. u. per cubic foot; this was, however, a little lower than the 
tverage heat value of the gas for the preceding shift. From 10 a. m. 
•0 2 p. m. fuel was charged at 30-minute intervals and after that at 
l5-minute intervals. On the average a full load was carried with 
I gas consumption of about 6,000 cubic feet per 20 minutes. As a 
)recaution against premature explosions, a small amount of water 
^as allowed to drip into the air inlet of the engine. At 9.40 a. m. 
he water pressure increased a little and caused an excess of water 
enter the inlet. Before this was noticed an occasional charge 
liisfired and the engine began to slow down; the water was imme- 
iately turned off and the load reduced a little; the engine responded 
t once and in a few minutes it was carrying full load under normal 
)nditions. During the remainder of the shift the engine worked 
itisfactorily. 

The fuel bed was in good condition throughout the evening shift. 
hie gas was of uniformly good quality, and the engine ran weU and 
,rried full load except for a few minutes at 10.15 p. m., when an 
iiaust valve caused trouble by sticking. This was soon remedied, 
>wever, but for 2 minutes the load was only two-thirds full load. 
October 8: The fuel bed was in excellent condition and the gas was 

good quaUty throughout the morning shift. About 1 a. m. the 
mperature of the jacket water at the outlet was 135** F; this was 
little higher than the usual temperature, and the water valve was 
>ened wider, supposedly admitting more water to the engine jackets. 
\ie temperature continued to increase, however, and soon reached 
.2® F. At this time the load was taken off the engine and an 
/tempt was made to locate the trouble. It was soon found that 
le water meter had become clogged or stuck, shutting off the water 
ipply. The meter was immediately by-passed and the engine 
>oled rapidly. The load was off 16 minutes; after this time the 
igine carried about five-sixths full load until 4.40 a. m., when 
lU load was restored. The water meter was by-passed but a few 
linutes, then the by-pass was slowly closed and the meter ran all 
ght. At the beginning of the shift the gas pressure in the top of 
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the producer, ordinarily equal to 1^ to 2i inches of water, was 
than usual and gradually increased until at 5.30 a. m. it equaled 
7 inches of water. A short horizontal pipe between the prodm 
and scrubber was found to be about two-thirds filled with dirt anl 
soot, so that the usual quantity of gas could not pass at the nonnil 
pressure. The pipe was cleared by loosening the soot with a bir; 
the flow of gas carried the soot into the scrubber and the gas presson 
became normal. 

Throughout the day shift the producer worked well, yielding a gis 
with a heat value of about 150 B. t. u. per cubic foot. The engine 
ran satisfactorily and carried an average full load with a gas consump- 
tion of about 6,000 cubic feet per 20 minutes. 

At the beginning of the evening shift the fuel bed was rather thin 
and the interval between charges was changed from 45 minutes to 
30 minutes. The gas was of good quality. The engine ran steadily 
and carried full load with a gas consumption of from 5,600 to 6,000 
cubic feet per 20 minutes. 

October 9: After 3 a. m. coal was charged at 45-minute intervab. 
During the shift ended at 8 a. m. the average heat value of the gas 
increased about 10 B. t. u. per cubic foot and at the close of the 
shift the fuel bed was in excellent condition. The engine ran 8ati»- 
factorily, carrying a steady full load with a gas consumption of 
approximately 5,600 cubic feet per 20 minutes. 

Throughout the day shift the engine worked well, carrying full 
load. At 8 a. m. the centrifugal pump was stopped for repairs and 
water was tak(»n from the city mains until 10 a. m., when the pump 
was again in s<»rvice. The fuel bed was in good condition and the 
gas was of good quality, but the ash bed was high, and at 11 a. m. 
the interval between fuel charges was changed to 30 minutes in 
order to build up a thicker fuel bed before grinding down. At 2.30 
p. m. the ash bed was ground down about 3 inches and the heat 
value of the gas decreased a little. 

Throughout the evening shift the heat value of the gas gradually 
increased from 145 B. t. u. to 160 B. t. u. per cubic foot. The fuel bed 
was thicker at 4 p. m. than at any preceding time during the test. 
The engine ran well, carrying full load with a gas consumption of from 
5,300 to 5,400 cubic feet per 20 minutes, that graduaUy decreased as 
the heat value of the gas increased. At 1 1 .30 p. m. the right cylinder 
exhaust-valve spring broke. The engine was not stopped, but the 
load was reduced approximately one-half for about 30 minutes while 
the broken spring was repaired, after which full load was again 
carried. 

October 10: Throughout the morning shift the producer was in 
good condition and yielded an exceptionally rich gas with an average 
heat value of 163 B. t. u. per cubic foot. The engine ran steadily, 
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laying full load with a gas consumption of from 5,200 to 5,300 
abic feet per 20 minutes. The repaired exhaust-valve spring gave 
i» trouble. 

The fuel bed was in good condition and the gas was of good 
[uality throughout the day shift. The ash bed, however, was high, 
md from 9 a. m. to 2 p. m. coal was charged at 30-minute intervals 
a order to build up the fuel bed before grinding down. The engine 
an steadily and ciuried full load. At 5 p. m. the ash bed was ground 
lo?m, but as the fuel bed was not lowered the ash bed was again 
[round down at 6.30 p. m. This second grinding down was exces- 
ive, for the fuel bed was badly broken up and the heat value of the 
^ began to decrease. Simultaneously the water outlet to the 
KTubber became partly clogged and water rose in the scrubber, 
)artly closing the gas inlet. The blast was thus automaticaUy 
ncreased to a maximum, and the strong blast through the badly 
)roken up fuel bed served to lower still further the heat value of the 
jas, which decreased between 5 p. m. and 6.30 p. m. from 160 B. t. u. 
10 about 115 B. t. u. per cubic foot. Although the load was reduced 
omewhat the gas cx)nsuraption increased to about 7,000 cubic feet 
ler 20 minutes. With careful attention conditions began to improve, 
nd after 7 p. m. the heat value of the gas increased steadily to 
bout 150 B. t. u. per cubic foot; the blast pressure became normal 
nd the usual load was carried. The load had been reduced to 
7e-sixths fuU load for about 1 hour. At 11 p. m. the fuel bed was 
I good condition and yielded gas of good quality. Coal was charged 
) 45-minute intervals throughout the shift. The engine worked 
ell, but it was necessary to change the air and gas valve settings 
; frequent intervals on account of the variation in the heat value 
' the gas. 

October 11: The fuel bed was in good condition throughout the 
oming shift. The gas was of fairly uniform quaUty and had a 
»t value of about 150 B. t. u. per cubic foot. The engine ran weU, 
irrying a steady full load with a gas consumption of about 5,650 
ibic feet per 20 minutes. 

The producer worked well throughout the day shift and the gas 
as of good quaUty. The engine carried an average full load, 
though there was an imusually variable motor load. 
Throughout the evening shift the engine ran satisfactorily on a 
K)d quality of gas. The fuel bed was in good condition, although 
was much thicker than at the beginning of the run. In order to end 
le test with approximately the same thickness of fuel bed as at the 
art, after 8 p. m. coal was charged only once an hour. 
October 12: Throughout the morning shift the fuel bed was in 
xellent condition and the ga^s had a heat value of about 158 B. t. u. 
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per cubic foot. The engine ran steadily, canying a full lo 
gas consumption of 6,300 to 5|600 cufaic feet per 20 minute 
As the fuel bed was still much thicker at the begmniDg c 
shift than at the beginning of the run, no coal was charged 
p. m. At 9 a..m. the heat value of the gas began to dimiaj 
ally, and at 2 p. m. decreased about 10 B. t. u. per cubic t 
fuel bed was approaching the required thickness, but the ] 
of maintaining full load until 4 p. m. without additumal 
doubtful. At 2.30 p. m. a double charge of coal was. ma 
was the last charge during the test. Following tius chaigi 
value of the gas increased 10 to 12 B. t. u. per cubic foot and 
at the new figure until nearly 4 p. m., when it again decrei 
10 B. t. u. per cubic foot. At 4 p. m. the test was brou^t 
with the engine running satisfactorily under practically 
The producer was in good working order and, although the 1 
of the gas at the close of the run was rather low, the fuel I 
good condition and of practically the same thickness as at 
Qraphic log is given on page 236. 

JAMSSTOWV Mq. (k 

Jamestown No, 5, ie&t 166. — ^The fuel used during test ! 
New River run-of-mine coal. It was much like Jamestowi 
appearance, but did not have so high a heat value and 
a little more ash. 

October 14: At 1.60 p. m. the engine started with a light 
after 3.16 p. m. full load was easily carried. The official t 
at 4 p. m. Coal was charged at 3Q-minuto intervals at the 
after 6 p. m. charges were made once every 45 minutes. 1 
ran steadily with full load, and the fuel bed was in excell< 
tion, giving a rich gas of uniform quality. The air inlet t 
ducer blower was opened much wider at the beginning oi 
than on any previous run, with the result that the percent! 
in the gas was much lower. 

October 16: During the morning shift the distribution oi 
through the fuel bed was not even, and the gas, althoug 
quaUty, varied in heat value from 146 B. t. u. to 164 B. t. u. 
foot. The engine, however, ran without difficulty and ci 
load with a gas consumption of 6,100 to 6,400 cubic fe 
minutes. 

Throughout the day shift the producer worked well, 
charged at 46-minute intervals, was about one-half slack, 
value of the gas was fairly uniform at about 156 B. t. u. 
foot. The engine ran steadily under full load, although 1 
load was more variable than usual. 

During the evening sliif t the fuel bed was in exception 
condition and* gave a rich gas of uniform quality. At 8 p. ;[ 
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tlie heat value of the gas varieci it was necessary to change the tir 
and gas valve setting at frequent intervals. During the shift the 
heat value of the gas increased about 20 B. t. u. per cubic foot tod 
the gas consumption decreased from 6,200 cubic feet to about 5,400 
cubic feet per 20 minutes. 

Tlio fuel bed was in good working order throughout the day sluft 
and yielded gas of a fairly uniform quality. During the last half 
of the sliift the taking of temperature measurements at different 
parts of the fuel bed interfered to a certain extent with the r^ulaiity 
of charging coal and poking, and the action of the engine seemed to 
indicate that the heat value of the gas varied much more than was 
shown by the calorimeter. Tliis fluctuation made it necessary to 
watch the engine and to change the air and gas-valve settings fre- 
quently. The engine, however, carried the usual load, although 
tliis was somewhat variable, owing to the fluctuating motor load. 

The fuel bed was in good condition and generated a gas with an 
exceptionally uniform heat value averaging about 155 B. t. u. per 
cubic foot tliroughout the evening sliift. Coal was charged every 45 
minutes. The engine ran steadily with full load ¥rith a gas con- 
sumption of about 5,700 cubic feet per 20 minutes. 

October 18: At the beginning of the morning sliift the commutator 
briLslies on the ccntrifugal-pmnp motor gave considerable trouble by 
sparking and it was found necessary to shut down the motor. City 
water was tiien used for cooling the engine jackets, and as the water 
pressure was too low to give a sufPicient supply of water with full 
load on the engine, tlie load was reduced. At 1.45 a. m. the steam 
pump was started, supplying city %vater at the nec-essary pressure, 
and (luring the rojnaindor of the shift a steady full load was carried. 

At 9 a. ni. the ash hod was ground down and the fuel bed was 
badly broken up, as it did not settle uniformly. During the next 
hour tlie heat value of the gas decreased about 25 B. t. u. per cubic 
foot an<l during the remainder of the day shift averaged about 135 
B. t. u. jicr cubic foot. The engine worked weU, however, and carried 
full load, although it was necessarj' to change the air and gas valve 
settings from tune to time on account of variations in the quality of 
the gas. At 9 a. m. the centrifugal pump was again started and well 
water was used in place of city water. The coal fired was about three- 
fourtlus slack, and until 2 p. m. it was charged once every 45 minutes. 

At the beginning of the evening shift the fuel bed was in poor order, 
but its condition improved steadily and the heat value of the gas 
increased about 20 B. t. u. per cubic foot before the end of the sliilt. 
The gas consumption fell from 6,800 cubic feet to about 5,500 cubic 
feet per 20 minutes. The engine ran steadily and carried full load. 

October 19: At the beginning of the morning sliift the blast had a 
tendency to blow around the edge of the fuel bed, but the gas was 
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f good quality and its heat value was increasing. At the end of the 
hift the fuel bed was in excellent condition and the heat value of 
he gas was about 160 B. t. u. per cubic foot. The coal, which was 
.bout three-fourths slack, was charged at 45-xninute intervals. The 
ngine carried a steady full load with a gas consumption of about 
^500 cubic feet per 20 minutes. 

The fuel bed was in exceUent condition during the entire day shift, 
nd the heat value of the gas was high and fairly uniform. Except 
or a few premature explosions the engine ran satisfactorily and car- 
ted full load. 

At the beginning of the evening shift the fuel bed was in good 
working order. The coal was practically all slack. The ash bed 
was rather high, and at 7.30 p. m. it was ground down 5 inches; the 
uel bed settled well, but the heat value of the gas decreased about 
.0 B. t. u. per cubic foot and was rather variable during the remainder 
^f the shift. This made it necessary to watch the engine closely and 
rom time to time to change the air and gas-valve settings. The 
engine did not run as smoothly as usual, but carried full load with a 
ras consumption varying from 5,600 cubic feet to 6,400 cubic feet 
3er 20 minutes. 

October 20: During the first part of the morning shift the operation 
>f the engine indicated the presence of tar in the gas, and it was soon 
:ound that the amount of water running through the tar extractor 
Nos considerably less than usual. The supply of water was inmie- 
liately increased and no further indications of tar in the gas were 
[loticed. The engine carried a steady full load throughout the shift 
ind the producer was in good worlring order, supplying a gas of uni- 
formly good quality. 

The fuel bed was in excellent condition and the gas was of uniform 
quahty during the entire day shift. The coal was practically all 
slack. The engine carried full load but did not run steadily and con- 
sumed an unusually large quantity of gas when the high quality of 
the latter is considered. 

Throughout the evening shift the fuel bed was in good working 
order and the gas was of uniform quality. The coal was mostly 
slack. There were several premature explosions in the right cyUnder 
but the engine otherwise gave no trouble and carried full load. 

October 21: The fuel bed was in good condition. During the 32 
hours up to and including the morning shift the maximum variation 
in the heat value of the gas was only 12 B. t. u. per cubic foot, this 
value ranging from 148 B. t. u. to 160 B. t. u. per cubic foot. The 
ash bed was high, and instead of grinding down all the ash at one 
time it was ground down a little at a time at intervals of 1 hour for 3 
successive hoiirs. This did not aflFect the heat value of the gas to any 
great extent, although at the last grinding down the blast had a ten- 
87080**— BuU. 13—11 17 
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dency to blow around the edge of the fuel bed end the heet yahefll 
the gas decreased 8 to 10 B. t. u. per eufaio foot. The engiiie earnil 
full load, although at times there were aeveral ptematute ex^kmmk 

At the beginniug of the day shift the blast had a tendency to bbv 
around the edge of the fuel bed, but by working the coal tnm tie 
center toward the edge this was overoome and the heat Tafaie <rf tte 
gas increased 10 to 15 B. t. u. per cubic foot. At 12.20 p. m. theii4 
bed was ground down 5 inches and the heat yalue of the gas deeieand 
10 B. t. u. per cubic foot, but this loss was entirely made up dniioK 
the next 2 hours. At 3 p. m. the ash bed was ground down agim 
and the heat value of the gas decreased to 130 B. t. u. from an aTsngs 
of about 156 B. t. u. per cubic foot. At this time the load m 
reduced slightly for a few nunutes while the air and gas yalves wen 
readjusted. Throughout this shift the engine did not run satiflfae* 
torily, giving considerable trouble from preignitions. 

At the beginning of the evening shift the heat vahie of the gas im 
about 130 B. t. u. per cubic foot, but it steadily increased until 9 
p. m., after which time it was fairly uniform at approximately IM 
B. t. u. per cubic foot. The fuel bed was in good condition. The coal, 
mostly slack, was chaiged every 45 minutes. The engine ran mom 
steadily than during the preceding shift and easily carried full load. 
As the gas increased in heat value the consumption decreased fran 
6,800 cubic feet to 5,700 cubic feet per 20 minutes. 

October 22: The fuel bed was in good condition during the entire 
morning shift, yielding a gas with a heat value of about 155 B. t. u. 
per cubic foot. Coal, mostly slack, was fired once every 45 minutes 
until 5.30 a. m., after which time it was chaiged at 30-minute inteF 
vals. At 1 2 . 1 2 a. m. the igniter on the center cylinder short-circuited, 
putting the whole ignition circuit out of use, and before the trouble 
was located and remedied the engine stopped after a continuous ran 
of 178 hours. The engine was started again, however, at 1.45 a. m. 
In a short time it was carrying full load and throughout the rest of the 
shift it ran without dijficulty. 

The producer was in excellent condition throughout the day shift. 
The gas was of uniform quality and had an average heat value of 
about 150 B. t. u. per cubic foot. The engine carried full load, but 
did not run easily and consumed a large quantity of gas considering 
the high quality of the latter. 

Throughout the evening shift the fuel bed was in good condition 
and the gas had an average heat value of about 150 B. t. u. per cubic 
foot. The coal was mostly slack and after 6.15 p. m. it was chaiged 
at 45-minute intervals. The engine ran fairly well, carrying full 
load, but with a high gas consumption, averaging about 6,600 cubic 
feet per 20 minutes. 

October 23 : At the beginning of the morning shift the gas pressure 
in the producer was unusually high, as was also the blast pressure, 
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owing to clogging of the gas pipe between the producer and the scrub- 
ber. An effort was made to clear the pipe by poking with a bar, and 
although conditions improved somewhat this method was not very 
effectiye, for the soot was hard and adhered firmly to the sides of 
the pipe, making it difficult to remove while the producer was in 
operation. The coal charged was fine and rather dry, and because 
of the high-blast pressure it had a tendency to blow over into the 
scrubber, adding to the accumulation of soot in the pipe. After 
3 a. m. the fuel was moistened before firing and the quantity 
of fine coal blown into the pipe was thus considerably reduced. 
From the beginning of the shift the temperature of the fuel bed 
graduaUy increased, and at 3 a. m. the entire bed was in rather poor 
condition; the bed was very hot and the center was so pasty that the 
blast could get through only around the edge. The ash bed was 
ground down a little at intervals of 1 hour, more to loosen up the 
fuel bed than to remove the ash. The fuel bed was thoroughly poked 
every 20 minutes for a period of 2 hours, and during this time the air 
inlet of the blower was nearly closed for 16 minutes, so that a large 
excess of steam entered the producer. The effect of this was to 
decrease the quantity of clinker and to cool the fuel bed. After 
some time conditions began to improve, and at 8 a. m. the fuel bed, 
although not in good condition, was in much better working order. 
Although the heat value of the gas varied from 135 B. t. u. to 150 
B. t. u. per cubic foot, it was exceptionally uniform considering the 
conditions under which the producer worked. The engine carried 
full load for the entire shift; but it did not work easily and gave trouble 
by frequent preignitions. The gas consumption was very high, 
averaging 7,000 cubic feet per 20 minutes. 

The amount of coal available for the run was nearly exliausted 
and it was necessary to close the test at the end of the day shift. 
The fuel bed, although in rather poor working order, was in much 
better condition than during the preceding shift, but the gas pressure 
was still high. As the fuel bed was considerably tliickcr than at the 
start of the test, Uttle coal was fired in order that the thickness of 
the bed at the close of the test might bo the same as at the begin- 
ning. The heat value of the gas decreased steadily during the 
shift, falling from 145 B. t. u. to about 125 B. t. u. per cubic foot. 
The engine carried full load until 2.40 p. m., when it was reduced 
about one-sixth. The engine did not run easily and the gas con- 
sumption was high. The engine was shut down soon after 4 p. m., 
and the test was brought to a close. 

After the test the engine was overhauled and the pistons were 
found to be in bad condition, with the piston rings firmly embedded 
in carbonized oil. There was also a considerable accumulation of 
carbonized oil on the piston heads. This condition was ^WvcvV^ \}w^ 
cause of the high gas consumption and t\ve wuu'KM^JX'^ Ti>\tEkfexwx^ 
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was high; and from 1.50 a. m. to 3.50 a. m. it was ground downi 
tinics, but each time only slightly. The fuel bed was settledj 
without breaking up and without affecting the heat value of 
The engine ran satisfactorily, carrying full load with a 
decreasing gas consumption. 

During the day shift the taking of fuel-bed temperatures in< 
witli the regular poking and charging of the producer, 
however, was of fairly uniform quality and the fuel bed n 
good condition. The engine ran well, always under full 1< 
with an overload for about 12 per cent of tlie time. Grapl 
given on page 249. 

Jame8t(yivti No, 7, test 168. — ^The coal used during this 
identical with that used in test No. 167. 

October 30: Before starting the run the crank-case oil in 
engine was taken out, the engine thoroughly cleaned, and oil 
ter grade than that used in preceding tests was supplied, 
then cliarged at regular intervals for some time in order 
up the fuel bed to the usual thickness. This coal, however, 
wlien the producer was in a state of rest and with but litUf 
pressure, had a tendency U^ form a heavy, sticky, and cold ftw 
The engine was started at 9.15 p. m. on rather poor gas and wil 
tial load. With the engine running, the condition of the 
began to improve, the heat value of the gas steadily became.] 
and the load was gradually increased to full load. The test 
was begun at midnight. 

October 31: Throughout the morning sliift the fuel bed wid 
in poor condition, being so cold and hard in the center that the] 
could got through only the outer portions. The heat value d 
gas increased gradually from 135 B. t. u. to about 155 B. t. U 
cubic foot. The engine carried an irregular but average full 1 
At 3.45 a. m. tlie jacket-water temperature was about 20*^ F. hi 
than usual and a few sUght premature explosions occurred it 
riglit cylinder. The amount of jacket water w^as immedi 
increased and the preignitions stopped. The coal, which was ] 
tlian half shick, was charged at 45-minute intervals during the i 

The iish bed was high at 8.50 a. m. and was ground do\vTi ab< 
inches. The lioat value of the gas fell from 160 B. t. u. to 140 B. 
per cubic foot during the next hour, but aftenvards graduall; 
creased to about 150 B. t. u. per cubic foot and averaged that di 
tlie rest of tlie day shift. The fuel bed was still cold and pas 
the center and rather firmly packe<l. From 2 j). m. to 4 p. n 
coal was charged, but at 30-minute intervals the fuel bed was 
oughly poked in an attempt to better its condition. The ei 
carried full load and worked well, except for a few premature « 
sioiLs in the right cylinder; these were stopped by allowing a 
small amount of water to flow into the air inlet. 
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^t the begiimiiig of the evening shift the fuel bed was in much 
.ter condition. The gas was of uniform quality and had a heat 
.ue of about 160 B. t. u. per cubic foot. The coal, which was about 
«e-fourths slack, was charged at 45-minute intervals. At 10 p. m., 
hough the jacket-water temperature was low and water was 
ming into the air inlet, there were frequent preignitions in the 
ht cylinder. At 11 p. m. the engine was running satisfactorily, 
Tying full load. 

S^ovember 1 : The producer was in good condition and yielded a 
h gas during the entire morning shift. The engine ran steadily, 
;h full load, and worked well except for an occasional premature 
ition in the right cylinder. 

The ash bed was rather high and was ground down a Uttle at 
iirly intervals during the day shift. The heat value of the gas 
creased about 10 B. t. u. per cubic foot at the first grinding down, 
t thereafter remained uniform in quahty. From 9 a. m. until 
3n, coal was charged once every 30 minutes, and after that at 
•minute intervals. The engine carried full load, but labored 
isiderably. 

Throughout the evening shift the producer was in excellent condi- 
n and gave a gas of imiformly good quality. The engine carried 
1 load and worked well except for an occasional preignition in the 
ht cylinder. 

fJovember 2: At the beginning of the morning shift the fuel bed 
I several inches, due to the caving of an arch which had formed 
sir its top. The fall broke the fuel bed up badly and caused the 
it value of the gas to decrease about 20 B. t. u. per cubic foot, but 
5 value was restored during the next 2 hours and ran uniformly at 
Dut 150 B. t. u. per cubic foot during the remainder of the shift, 
e engine ran satisfactorily under full load, but the varying heat 
lue of the gas during the first part of the shift necessitated frequent 
inges of the air and gas valve settings. 

rhroughout the day shift the fuel bed was in good condition, 
dding a gas with a heat value of 150 to 160 B. t. u. per cubic foot, 
ter 11 a. m. coal, which was at least three-fourths slack, was 
&rged once every 30 minutes. In the afternoon the ash bed was 
)und down a little at three different times without lowering the 
Eit value of the gas to any great extent. The engine carried a 
tady full load and ran well except for a little difficulty with one of 
3 igniters. 

The fuel bed was in excellent condition during the entire evening 
It. The gas was fairly uniform in quality and had an average 
at value of about 150 B. t. u. per cubic foot. At 9 a. m. the ash 
d was ground down without causing any noticeable effect in the 
at value of the gas. The engine carried the regular load^ but did 
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not run as easily as usual, and throughout the shift the gas coih 
sumption was rather high, being about 6,500 cubic feet per 20 minutci 

November 3 : The fuel bed was in fine working order and gave a 
gas of very uniform quality, although the ash bed was ground down 
four times during the morning shift. After 2.15 a. m. coal was chaiged 
once every 45 minutes. The engine carried a steady full load and 
required little attention. 

During the day shift the fuel bed was in good condition and the 
heat value of the gas increased from 145 B. t. u. to about 160 B. t. u. 
per cubic foot. The ash bed was ground down twice. The engine 
carried a steady load and worked well except for a few back fires. 

The engine ran steadily and carried a full load without difiiculty 
throughout the evening shift. The producer worked satisfactorily 
and gave a gas of uniformly good quality. 

November 4: The fuel bed was in excellent condition during the 
entire morning shift. At 2 a. m. the ash bed was ground down 
without impairing the quality of the gas. The engine ran well, with 
full load, and required little attention. 

The fuel bed was a little low at the b^inning of the day shift. 
After 8.30 a. m. coal was charged once every 30 minutes. The gas 
was fairly uniform in quality and had an average heat value of 150 
B. t. u. per cubic foot. The engine ran steiidily and ciirried full load 
without difficulty. At 10 a. m. the load was reduced about half for 
2 minutes, during which time the igniter on the right cylinder was 
disconnected and a sample of the explosive mixture was taken from 
the cylinder. A sample of gas direct from the gas holder was also 
taken at tlic same time, and this operation of taking samples was 
repeated at 1.55 j). m. Analyses of these samples are given in the 
followinf^ table: 



Anahjaes of 


samplcji of crploi 


iicc mixtures and producer gas ^ test*168. 




Samples tuken— 


Cluinu'ter 
of sample. 


CO J. 

2.4 
7.2 

2.5 

8.2 

3.5 
7.5 


Oi. 


Call 4. 


CO. 


Hi. 


CH^. 


N,. 


B.t.a. 
per cu- 
bic foot. 


Nov. 4— 10 a. m 


Mixture... 
(his 

Mixture. . . 
Gas 

Mixture... 
13 as 


12 


13.7 


10.0 









fln.3 




9.4 
24.2 

7.0 
21.8 

10.4 
22. H 


5.4 
13.8 

4.0 
13.8 

9.2 
15 


0.9 
2.1 

.9 
2.1 

1.2 
1.8 


09.9 
52.7 

70.7 
54.1 

G4.8 
52.9 


61. IS 


Nov. 4 — \.hb p. in 

Nov. a— 1 ..V) p. m 


154. S 

52. U 
14&4 

86.1 
15a« 



"The C.jll^ ill the mixture vfos probably derived from oil which had leaked p»ast the pistou from the 
crank cjiso. 

At 3.15 J), m. the aperture admitting air to the blower was opened 
much wider, allowing a greater proportion of air to enter the blast. 

Beginning with the evening shift tlie effect of the increased pro- 
portion of air in the blast was quite noticeable. The temperature 
of the gas lea\nng the producer fell about 50° F.; the COj decreased 
1 to 2 per cent, wliile the tX3 increased as much; and the heat value 
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of the gas increased steadily throughout the shift, rising nearly 20 
B. t. u. per cubic foot. The fuel bed was kept in excellent condition, 
with coal charged once every 45 minutes. The engine ran steadily 
and easily carried full load. 

November 5 : The fuel bed was in good working order during the en- 
tire morning shift and the gas was of good and fairly uniform quality. 
At 6 a. m. the ash bed was ground down, and the heat value of the 
gas fell about 15 B. t. u. per cubic foot. The coal was about three- 
fourths slack. The engine ran steadily and gave no trouble. 

The fuel bed was in good condition and ^delded a gas of uniform 
quality throughout the day shift. The engine ran steadily and carried 
full load without difficulty. At 1.55 p. m. the load was reduced by 
half for two minutes, while a sample of explosive mixture was taken 
from the left cylinder. Analyses of tliis sample and of a sample of 
gas from the gas holder taken at the same time are included in the 
table on page 252. 

The producer worked exceptionally well from 4 p. m. to midnight, 
although the coal charged was mostly slack. The gas was of good 
quality and of uniform heat value. The engine ran satisfactorily 
and carried a steady full load. 

November 6: During the morning shift the fuel bed was in good 
working order. The gas was of uniform quality and had an average 
heat value of about 160 B. t. u. per cubic foot. An accumulation of 
soot in the gas main leading to the scrubber sliglitly increased the 
pressure of the gas leaving the producer, but did not seriously impair 
the working of the producer. At 4.20 a. m. the ash bed was ground 
down. During the next hour the heat value of the gas decreased 
about 10 B. t. u. per cubic foot, but soon increased to normal. The 
coal charged during the shift was mostly slack. The engine carried 
full load and ran well except for a few premature ignitions in the 
right cylinder. 

At the beginning of the day shift the producer was in good working 
order, yielding a gas of uniform heat value and of good quality. 
Temperature determinations at different points in the fuel bed were 
made tliroughout the day and gas samples for analysis were taken at 
the same points. This work interfered with uniform charging and the 
l-egular poking of the fuel bed. As a result the heat value of the gas 
fell several B. t. u. during the shift. The pressure of the gas leaving 
the producer was high, and gradually increased as soot collected in 
the pipe between the producer and scrubber. At 3 p. m. an attempt 
was made to clear this pipe. This operation generally had not proved 
very effective while the producer was in operation, but this attempt 
was quite successful, and within a short time the gas pressure was 
normal. At 3.20 p. m. the ash bed was groimd down without seri- 
ously affecting the heat value of the gas. On account of the varying 
quality of the gas during the shift, the air and gas valve settings at 
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the engine were changed frequently; and during the last part of tlw 
shift, when the heat value of the gas was rather low, there was diffi- 
culty in maintaining full load. 

At the beginning of the evening shift the fuel bed was in rather 
poor condition, but after 5 p. mu coal was chaiged at SO-minute inter- 
vals and the fuel bed was poked regularly. The heat value of thB 
gas increased steadily, and at 8 p. HL it was over 150 B. t. u. percabie 
foot and the fuel bed was in good woiking order. About p. m. 
one of the igniters caused trouble by stiddng, and for a while the 
load was irregular. With this exception the engine carried a steady 
full load throughout the shift. 

November 7: During the morning shift the fuel bed was rathor 
thin and there was a tendency to form bloidioles. The coal ohaiged 
was nearly all slack. The gas was of good quality, but its heat 
value was rather variable, ranging from 150 B. t. u. to 164 B. t il 
per cubic foot. The engine ran steadily and carried full load. 

Temperature and gas-sampling work on the fuel bed continued 
during the day shift and interrupted regularity in the care of the 
producer. The fuel bed, however, was not seriously affected and 
the quality of gas was more uniform than during the same work on 
the previous day. The engine ran satisfactorily. 

During the entire evening shift the fuel bed was in good working 
order. Coal was charged once every 45 minutes, and the heat value 
of the gas increased 10 B. t. u. to 12 B. t. u. per cubic foot. The 
engine carried a steady full load. 

November 8 : Throughout the morning shift the producer was in 
excellent condition, yielding a gas with a heat value of about 160 
B. t. u. per cubic foot. The engine carried full load, and except for 
a few preignitions it ran steadily and without difficulty. At 7 a. m. 
the injector on the auxiliary boiler gave out and steam for the pro- 
ducer was taken from the main boiler plant of the testing station. 
There was no way to determine the amount of this steam used. 

The producer was in good working order at the beginning of the 
day shift. Although the determination of temperatures and the gas 
sampling were continued, the fuel bed was kept in good condition 
and the heat value of the gas was not seriously affected. The ash 
bed was ground down twice during the shift. The injector on the 
auxiliary boiler was repaired, and after 11.30 a. m. this boiler sup- 
plied the necessary steam. The centrifugal pump gave considerable 
trouble because of a leaky stuffing box, and city water was used 
much of the time. The engine ran satisfactorily and carried an ave^ 
age full load. 

The fuel bed was in good working order and the gas had a uniform 
heat value of about 150 B. t. u. per cubic foot throughout the even- 
ing shift. The coal, mostly slack and rather dry and dusty, had a 
tendency to blow over into the scrubber. On this account the fuel 
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was moistened during the greater part of the shift. The engine back 
fired several times and one of the igniters gave some trouble, but a 
steady full load was carried. 

November 9: During the first part of the morning shift the fuel 
bed was in excellent condition and the gas was of good quality. At 
4 a. m. the ash bed was ground down about 3 inches, and the fuel bed, 
which was rather thin, was broken up somewhat. The heat value 
of the gas, however, was not materially affected, although it decreased 
a little during the remainder of the shift. Coal, which was mostly 
slack, was charged every 45 minutes until 6 a. m., when the interval 
between charges was changed to 30 minutes. The engine ran 
smoothly and carried full load. 

At the beginning of the day shift the fuel bed was in rather poor 
condition, being somewhat broken up and showing a tendency to 
form blowholes. The determination of temperatures and the taking 
of gas samples were continued. The condition of the fuel bed did not 
improve during the day, and the heat value of the gas was variable 
The engine carried an average fuU load and ran satisfactorily except 
for a few preignitions. 

The fuel bed was not in good working order at the beginning of the 
evening shift, but care and extra poking soon brought it into a fairly 
good condition, which continued to improve throughout the rest of 
the test. The gas was of uniform heat value and of good quahty. 
The engine ran satisfactorily and carried a steady full load. At mid- 
night, after a continuous run of 240 hours, the tost was brought to 
a close. At the end of the run the producer wtis in excellent working 
condition and the engine was running steadily with full load. 

The proximate analysis of a sample of refuse from this test gave 
the following results (in per cent by weight): Moisture, 18.06; com- 
bustible, 4.30; ash, 77.64. The high percentage of moisture is due 
to the fact that the ashes were removed through the water seal. 
Graphic log is given on page 250. 

JAMBSTOWN Ho. 8. 

Jamestovm No. 8, test 169, — Test 169, for wliich a coal from Argen- 
tina, South America, was used, resulted in a failure. When delivered 
on the gas-producer platform the fuel contained a large proportion of 
very fine coal and was dry and dusty ; what lumps there were appeared 
to be shale, and the mass as a whole looked not unlike a pile of dirt. 
A sample of the fuel taken during the test gave the following proxi- 
mate analysis: Moisture, 8.67; volatile matter, 18.03; fixed carbon, 
29.98; ash, 43.32; sulphur, 0.56 per cent. The heat value of the fuel 
as fired was 6,017 B. t. u. per pound. 

The first charge of Argentina coal was made about 7 a. m. upon 
the fuel bed of West Virginia coal remaining in the producer after 
test 168. The next few charges were made at hourly intervals. 
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The engiiie was atsited at 10,50 a. m. at iiBazly full load and oi 
gas vith a heat value of about ISO B. t. u. per enUe foot. Howewr, 
this gas came akuost entir^ from the West Virgmia coal and tlm 
was & marked change as the proportion of Aigentin* ooal in the fnd 
bed increased. About noon the heat value of the gaa began to 
diminish rapidly, and at 5.30 p. m. the consequent decrease in speed 
of the engine was noticeable, but the engine continued to run it 
gradually decreasing speed sod with no load until 7.45 p. m., irim it 
stopped. 

Li order to maintain the proper thickness of fuel bed it was neeaooiiy 
to increase continually the rate of charging. At the beginning of Uw 
test a charge of 150 pounds was made once an hour, while at the time 
the engine stopped a charge was being made evefy 10 minutes, and 
even then the thickness of fuel bed was decreasing. 

The next morning several unsuccessful attempts were made to 
start the engine, but the gas was too poor and would not even bum 
at the producer. By firing this Argentina coal under the auxilisiT 
boiler it was possible to keep up sufficient steam for the produetr, 
but to do this required the undivided attention of one man, and it 
was also necessary to pick the coal, using only the lumps. OrdinatilT', 
the auxiliary boiler required but little attention. 

The fact that this fuel contained a large proportion of alack mt 
largely responsible for its failure in the gas producer. It packed 
together, making a uniform distribution of the blast impossible. 
This coal might work aatiafactorily when freshly mined. 

The following table gives the significant observations made duiiag 
the test: 

Obierved data of productr-ffot lot 169. 
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KXPIiAHATION OF ITE1C8 IK TABLES OF BESXTLT8. 

In order that the meaning of the items given in the tables of results 
[pp. 272-313 and 352-358) may be clear, the following list is given, 
explaining each item and the method of deriving the results when 
computations are involved. 

OBNSRAL DESCRIPnVE ITEMS. 

Item 1. Test number. — For convenience the tests are numbered 
in consecutive order as they are made. 

Item 2. Designation offud. — In keeping records each fuel is given 
a name and number by which it is designated. Example (test No. 
140): Pennsylvania No. 13. 

Item S. Name of bed. — ^This is a name or number given to the coal 
seam by State surveys or mine operators, and in some cases has only 
a local significance. 

Item 4' Location of mine or deposit, — ^Under this item is given the 
name of the town in which the mine or deposit is situated, or, in some 
cases, the name of the nearest town. 

Item 5, Duration of test (hours), — Item 5 gives the length of test 
upon which the report is 'based. 

Items 6 J 7, 5, 9, and 10. Size offud, — ^In many of the tests the fuel 
was sampled and sized. These items give the sizes and the percent^ 
age by weight of each size in the sample. 

PBOXDIATB ANALYSIS OF FUEL AS FIBED (PER CENT). 

The following items, which state the results of the separate deter- 
minations, are self-explanatory: 

Item 1 1 , Moisture; 

Item 12, Volatile matter; 

Item 13, Fixed carbon; 

Item 14' ^sh; 

Item, 15, Sulphur (separately determined) , 

A sample of the fuel was collected during each test by taking a small 
quantity from each charge fed the producer. From this sample a 
proximate analysis was made. The results given under these items 
are taken from the chemist's reports. 

TOfAL FUEL CHABOED IN PBODUCEB (POUNDS). 

Item 16. As fired, — For the tests made at St. Louis and Norfolk 
this item gives the total coal consumed as calculated after making 
corrections due to changes in thickness of the fuel bed, which fre- 
quently take place during a test. Example: The total coal charged 
during a test was 12,600 pounds and the fuel bed decreased in thick- 
ness 8 inches. A layer of coal 8 inches thick in the producer used is 
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equivalent to approxiiiiately 1,200 pounds. Therefore^ the total ood 
consumed was 12,600 + 1,200 - 13,800 pounds. Similaiijr, if the fad 
bed increased in thickness 8 inches, the total coal consumed would be 
12,600-1,200-12,400 pounds. (For a further discussion of dmngn 
in fuel bed thickness and methods of measuring the fuel bed, see BulL 
393, U. S. Geological Survey.) In the tests made at the Pittsbug 
station item 16 included the fuel equivalent of the coke consumed 
during the test. (See item 36.) 

Example: Total coal charged during test, 16,000 pounds; coke con- 
sumed, 450 pounds; heat value of the coke, 12,220 B. t. il per pound; 
heat value of the coal, 11,400 B. t, u. per pound. The fuel equivalent 

450 X 12 220 
of the coke consumed is then — ' — —482 pounds, and the total 

fuel consumed during the test is 16,000+482 — 16,482 pounds. 

Item 17. Dry. — ^This item is calculated from item 16 by deducting 

the percentage of moisture as determined by the proximate ana^sia. 

y. -^ iteml6x(100-item 11) 
Item 17 jQQ 

Example (test No. 176): ^0>g70 X(100- 1.37) ^ ^^^^ pounda 

Item 18. Refuse {determined from analyM). — ^In the tests at St 
Louis and Norfolk there was little if any unbumed coal in the adi 
deposited at the base of the producer. Owing to the depth of ash bed 
in the producer, the ash from any given fuel was not available for 
inspection until several days after the fuel had been fired. Although 
sufficient time was allowed for the complete consiunption of a previ- 
ously fired fuel before beginning the test of another fuel, yet the differ- 
ent fuels charged followed each other with such rapidity that the ash 
bed was, of necessity, made up of the refuse from several different 
fuels. The amount of unbumed fuel passing through the producer 
was so small that the percentage of refuse could be taken, without 
great error, from the proximate analysis. The total refuse for these 
tests was calculated from the total fuel fired and the per cent of ash 

shown by the proximate analysis. Item ig^^^^em 16xitem 14 

Example (test No. 140): —  — ^qI^ =1,418 pounds. 

In the Pittsburg tests this item, although not given in the table, 
has been used in calculating the total combustible charged. 

Item 19. Refuse {determined by weight), — In the tests made at the 
Pittsburg station all refuse was removed from the producer at the 
end of each test and weighed, and in these tests the refuse contained 
a considerable amount of combustible. 

Item 20. Combustible. — Item 20 =« item 17— item 18. 

Example (test No. 140): 11,550-1,418=10,132 pounds. 
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FUBL CBAXOXD IN PRODUCER FIR HOUR (POUNDS). 

hem 21. As fired. — Item 21 »item 16-^item 5. 

Example (test No. 140): ^^^ = 235 pounds. 

Item £2. Dry. — Item 22 = item 17-^item 5. 

Example (test No. 140): 11^ = 231 pounds. 

oU 

Item 2S. CombusHhle. — Item 23 = item 20 -^ item 5. 

in too 

Example (test No. 140): i^^^ = 202.6 pounds. 

FUEL CHARGED IN PRODUCER PLANT PER HOUR (POUNDfl). 

Item 24' As fired. — 

Item 25. Dry.— 

Item 26. Combustible. — 

The fuel charged in the producer plant includes both the fuel 
charged in the producer and the fuel equivalent of the steam required 
for operating the producer. In the tests at St. Louis steam for the 
producer blower was obtained from the boiler plant, and the quan- 
tity used was determined approximately from the steam pressures 
recorded during the tests and from caUbrations made under varying 
pressures of the steam nozzles which deUvered the steam to the 
producer blower. The number of pounds of fuel per hour equiva- 
lent to the steam consumed by the producer was obtained by divid- 
ing the number of pounds of steam used per hour by the number of 
pounds of water actually evaporated in the boiler plant by each 
pound of the fuel used for the producer-gas test under consideration. 

As nearly all of the fuels tested in the producer were also tested 
imder the boilers, and as the steam for the producer blast was fur- 
nished by these same boilers, the evaporation factor has been taken 
directly from the records of the steam tests. 

In case no steam test was made with fuel of the same kind as that 
used in the producer, the fuel equivalent of the steam used was 
determined either by comparison of the chemical analysis of the fuel 
with that of a similar fuel, or by assuming an average value for the 
fuel equivalent. In the tests made at Norfolk a small auxiliary 
boiler suppUed steam for the producer. A record was kept of coal 
required for this boiler, and for the Norfolk tests items 24, 25, and 
26 include the fuel charged in the producer and also the fuel used by 
the auxiliary boiler. 

FURL CHAROBD PER SQUARE FOOT OF FUEL-BED AREA PER HOUR (POUNDS). 

Item 27. As fired. — ^Item 27— item 21 -^ area of fuel bed in square 
feet. The producer used in St. Louis and Norfolk was 7 feet in inter- 
nal diameter, thus giving a fuel bed with an area of 38.48 square 
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feet. In the producer used at Pittsbuig thia area waa 12.96 aqoan 
feet. 

Example (test No. 140): ^^-"6. 1 pounda. 

Rem £8. Dry, — Item 28 —item 22 -i- area of fuel bed in aquaie tetL 

Example (test No. 140): ^^-6.0 pounda. 

Item £9. OonUnutUde. — ^Item 29-item 23-^area of fuel bed in 
square feet. 

Example (test No. 140): ^^-5.3 pounda. 

t5o.4o 

OOMBUSnBLB IN UVUM. 

Item SO. Total combwtihU in refuse (pounds). -^Wbesa the lefon 
from the Pittsburg tests was removed from the producer the clinktf 
was separated; the remainder of the refuse waa then sampled and t 
proximate analysis made. The total combustible in the refuse ti 
given in item 30 is based upon the weight of refuse, excluding the , 
clinker, and the percentage of combustible taken from the analjas 
of this refuse, it being assumed that there was little, if anj, combus* 
tible in the clinker. 

Item SI. Per cent combustible in refuse. — Item 31 — ?r^7^ XlW. 

•^ Item 19 

Example (test No. 176): ^*x 100 -26.9 percent. 

COMBUSTIBLB CON8UMBD. 

Item S2, Total combvMible consumed (pounds). — Item 32= item 
20 -^ item 30. 
Example (test No. 176): 14,633-736 = 13,797 pounds. 

Item SS, Per cent of total comlmstible consujned. — ^Item 33 » 

^fiXlOO. • 
item 20 

Example (test No. 176): IMoI x 100 = 94.9 percent. 

14,5oo 

In the Pittsburg tests a layer of coke was used in building up the 
initial fuel bed. At the end of each test all coke that could be used 
again was separated from the refuse and weighed. 

COKE IN FIXING BED (POUNDS). 

Item 34- Total charged in producer. — 

Item 35. Recovered from refuse. — 

Item 36. Consumed during test. — 

Item 36 = item 34— item 35. 

Example (test No. 188): 1,118-817=301 pounds. 
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CALORIFIC YALUB OF FUEL (BRITISH THBRMAL UNITS PER POUND). 

Item S7. As fired. — ^This value is taken from the chemist's report. 

Item 38. Dry. — This value is taken from the chemist's report. 

Item 39. Combustible. — This value is taken from the chemist's 
report. 

Item Jfi. British thermal units per hour from fuel as fired. — Item 
40= item 21 xitem 37. 

Example (test No. 140): 235x13,181 =3,099,000 B. t. u. 

CALORIFIC VALUE (BRITISH THERMAL UNITS) OF STANDARD OAS (62^ P. AND 14.7 

POUNDS pressure). 

Item 4i' From 1 pound of fuel as fired. — Item 41= item 43 X 
item 54. 

Example (test No. 140) : 144.9 X 75.2 = 10,900 B. t. u. 

Item 42, From 1 pound of dry fuel, — Item 42 = item 43 X item 55. 

Example (test No. 140): 144.9x76.5 = 11,100 B. t. u. 

Item 43, Per cubic foot. — The calorific power of the gas has been 
determined by means of a Junker's calorimeter and the readings cor- 
rected to standard pressure and temperature. The high heat value 
has been used at all times. In a few of the tests the calorimeter was 
not used, owing to clogging of the small gas meter; in these tests the 
heat value of the gas has been calculated from the analysis. Item 43 
gives the average of all values obtained during a test. 

CALORIFIC VALUE OF STANDARD OAS CONSUMED PER HORSEPOWER HOUR (BRITISH 

THERMAL UNITS). 

Item 44' Indicated. — Item 44 = item 43 X item 61 . 
Example (test No. 176): 118.9x77.4 = 9,203 B. t. u. 
Item 45. Brake. — Item 45 = item 43 X item 62. 
Example (test No. 176): 118.9x90.4=10,749 B. t. u. 
Item 46. Electrical. — Item 46 = item 43 X it<*m 63. 
Example (test No. 176): 118.9x104.6 = 12,437 B. t. u. 

BRITISH THERMAL UNITS EQUIVALENT TO STATED HOR8EPO\VER PER MINUTE. 

The heat equivalent per minute of the power dcvelopod is here 
given in British thermal units based upon the meclianical equivalent 
of heat, or 42.4 B. t. u. per horsepower per minute. 

Item 47. 6W.— Item 47 = item 103 X 42.4. 

Example (test No. 176): 591x42.4 = 25,070 B. t. u. (For an 
explanation of gas horsepower see item 103.) 

Item 48. Indicated, — Item 48 = item 1 18 X 42.4. 

Example (test No. 176): 163.4x42.4 = 6,931 B. t. u. 

Item 49. Bralce,— Item 49 = item 1 19 X 42.4. 

Example (test No. 176): 139.8x42.4 = 5,930 B. t. u. 

Item 50. Electrical. — Item 50 = item 121 X 42.4. 

Example (test No. 176): 120.8x42.4 = 5,124 B. t. u, 

87080^— Bull. 13—11 18 
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OAB rBODUCnOH. 

Item 61. Oas produced per how {cubic feet). — ^Tliis item ff^m tii0 
volume of gas produced as determined by meter and without ooneo- 
tion to standard conditions of temperature and pressure. Hie item 
does not include the gas used by the calorimeter and gas sampBng 
apparatus, which was approximately 10 cubic feet per hour. 

Item 62, Total standard gas produced (cubic feet). — Since a definits 
weight of gas varies in volume with a change in temperature or 
pressure, it becomes necessary to use standard conditions to wfaidi 
volumetric measurements of gas may be referred in order to mike 
results comparable. For these standard conditions, 62^ F. and 14.7 
pounds pressure have been adopted. 

The total gas output of the producer used during these tests con- 
sists of the gas passed through the main meter plus that used for the 
calorimeter and for gas sampling. The gas meter was read eveiy 
20 minutes throughout each test, and each reading was separately 
reduced to the corresponding value for standard gas by the formula 

P V P V 

-wr^ = -4i-', hi which P^ is the actual pressure of the gas passing 

through the meter as determined by the barometer and a manometer; 

Vi, the volume of the gas as read by the meter plus 10 cubic feet per 

hour used for calorimetric work; T|, the absolute temperature of the 

gas entering meter; P,, the standard pressure (14.7 pounds) ; and T„ 

the standard absolute temperature (521° F.). V, is the required 

standardized volume of gas. The formula may be put in the form 

T P . T 

Vj = Vj X p X ^^^ , in which ^ is readily seen to be a constant, and the 

p 

formula becomes Vj = Vj X K X rfr. 

Example : Given — gas used by engine and calorimeter for one 20- 
minute ])erio(l, 4,890 cubic feet; temperature of gas entering meter, 
72*^ F.; and pressure of gas entering meter, 14.825 pounds per square 
inch; required — the volume of standard gas. 

Vi = 4,890. 

Pi = 14.825. 

Ti = 4594-72-531*'F. 

T2 = 459 + 62 = 52r F. 

P3=14.7. 

^ P2 14.7 *^^'^^- 

Vj = 4,890 X 35.44 X ^^^ = 4,835 cubic feet. 

Item 63. Standard gas produced per hour {cubic feet) . — Item 63 « 
item 52 4- item 5. 

Example (test No. 176): ^^^j^^ = 12,651 cubic feet. 
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Standard gas produced per pound of fad charged in producer (cubic feet) . 
Item 64' ^9 fired. — Item 54 = item 53 h- item 2 1 . 

1 *} A'll 

Elxample (test No. 176): ' ^ = 78.9 cubic feet. 
Item 55. Dry. — Item 55 = item 53 -^ item 22. 
Ebcample (test No. 176): . -^^ . = 80 cubic feet. 
Item 66. Combustible. — Item 56 = item 53 4- item 23. 
Example (test No. 176): ' - =90.6 cubic feet. 

Standard gas produced per pound of total fuel used by producer. 
Item 67. As fired. — Item 57 = item 53 -^ item 24. 

Example (test No. 140): -—^-^'=69.2 cubic feet. 
Item 58. Dry. — Item 58 = item 53 -5- item 25. 
Example (test No. 140): "oki~k^ = 70.3 cubic feet. 
Item 69. Combustible. — Item 59 = item 52 -^ item 26. 
Example (test No. 140): "oooa"^^^-^ cubic feet. 

OA8 CONSUMPTION. 

Item. 60. Standard gas consumed by engine per hour (cubic feet). — • 
Item 60 = item 53—10 cubic feet used by the calorimeter. 

Standard gas consumed per horsepower hour (cubic feet). 

Item 61. Indicated. — Item 61 =item 60 -^ item 118. 

Example (test No. 176): i^o a =77.4 cubic feet. 

Item 62. Brake.— It^m 62 = item 60 -^ item 119. 

Example (test No. 176): -^q-^- = 90.4 cubic feet. 

Item 63. Electrical.— Item 63 = item 60 4- item 121. 

Example (test No. 176): ioq » =10^-6 cubic feet. 

COMPOSITION OF GAS (PER CENT OP VOLUME). 

Item 64- Carbon dioxide (CO 2)- — 

Item 66. Oxygen (O2)- — 

Item 66. Ethylene (C^II^).— 

Item 67. Carbon monoxide (CO). — 

IteTTh 68. Hydrogen (H^. — 

Item 69. Methane (CH^.— 

Item 70. Nitrogen (N^). — 

The values given in items 64 to 70, inclusive, are taken from the 
chemist's report. These results are an average of all the gas analyses 
made during the test. 
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WATER USED IN VAPORIZER. 



Item 71. Total water used in vaporizer (pounds). — In the tests 
made at Pittsburg, steam for the producer was formed in the econo- 
mizer, or, as it is here called, the vaporizer. Water for this purpose 
was supplied from a graduated tank through a valve regulated to 
adjust the rate of flow; the quantity of water used was observed and 
recorded hourly. From these records the results given in item 71 
are taken. (For a description of this tank, see p. 317.) 

Item 72. Water used in vaporizer per hour {pounds). — Item 72= 

item 71 -^ item 5. 

5 317 
Example (test No. 176): ^^^. =51.1 pounds. 

Itefm 73. Water used in vaporizer per pound of fuel fired (pounds).— 

In the Pittsburg tests this item is equal to item 72 -j-item 21. 

51 1 
Example (test No. 176): ^ ' ^ = 0.32 pound. 

Water used by producer plant {cubic feet). 

Item 74. Total- 
Item 76. Per hour. — 
Item 76. Producer top, per hour. — 
Item 77. Scrubber, per hour. — 
Item 78. Tar extractor, per hour. — 

Item 79. Per 1,000 cubic feet of standard gas produced. — 

Item 80. Per horsepower of producer plant. — 

Water used in engine jackets (cubic feet). 

Item 81. Total- 
Item 82. Per hour. — 
Item 8S. Per brake-horsepower hour. — 

Water used by producer plant and engine combined {cubic feet). 

Item 84. Total- 
Item 86. Per hour. — 
Item 86. Per braJce-horsepower hour. — 

The items on water consumption have been taken from water- 
meter readings which were made at frequent intervals during each 
test. 

AVERAGE PRESSURES. 

Item 87. Barometric {inches of mercury) . — The barometric pressures 
were used in standardizing the gas. Sometimes these readings were 
obtained from the local weather bureau; at other times they were 
taken from readings of the barometer used at the testing station. 
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Item 87 gives the average of all readings taken during the test, but in 
the computations this average is not used. In standardizing the 
gas a test was divided into several periods, and the gas for each period 
was corrected by the barometric reading corresponding to that period. 
The pressure of the gas entering the meter is measured in inches of 
water bv a manometer, and this reading is used in connection with the 
barometric reading in standardizing the gas. 

Item 88. Air and steam entering prodiicer (inches of water). — 
Item 89. Gas leaving Tproducer {inches of water). — 
Item 90. Gas leaving economiiter (inches of water). — 
Item 91. Gas leaving wet scrubber {inches of water). — 
Item, 92. Gas entering dry scrubber {inches of water). — 
Item 9S. Gas entering meter {inches of water). — 
Item 9^. Gas leaving meter {inches of water). — 
Tlie figures given in items 88 to 94, inclusive, are the average 
of all readings taken during the test. In each case the pressure is 
measured by means of manometers. 

Average temperatures {^F.). 

Item 95. Air entering economizer. — 

Item 96. Air and steam entering producer. — 

Item 97. Gas leaving producer. — 

Item 98. Gas leaving economizer. — 

Item 99. Gas leaving wet scrubber. — 

Item 100. Gas entering meter. — 

Item 101. Water entering engine jacJcets. — 

Item 102. Water leaving engine jacJcets. — 

Tlie temperature of the gas leaving the producer (item 97) was 
measured by means of a thermocouple connected to a galvanometer. 
In the tests at St. Louis and Norfolk a tube containing the thermo- 
couple was inserted in the top of the economizer and directly in the 
path of the gases leaving the producer. At the Pittsburg plant the 
tube was inserted in the gas connection between the producer and 
the economizer. Temperature readings were made from the galvan- 
ometer every hour. All other temperatures given were read from 
thermometers of a standard make. 

GENERAL ENGINE DATA. 

Item lOS. Gas horsepower. — Gas horsepower is the mechanical 
equivalent, expressed in horsepower units, of the heat value of the 
gas produced. One British thermal unit being equivalent to 778 
foot-pounds, the heat equivalent of 1 ,980,000 foot-pounds <* is 2,545 
B. t. u., and when gas is produced at such a rate that its total heat 

a 1,960,000 foot-pounds per hour equal 1 horsepower. 
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value per hour is ^ual to 2,646 B. t. u. it may be tennad a pn 
horsepower. Gas horsepower is, then, equal to the total heat Tikn 
of the gas produced per hour ezpresBed in Biitiah thermal amk 
divided by 2,545. 

item 53xitem43. 



Item 103 



2,645 



Example (test No. 176): — * 2 546 — ^"591 gas horsepower. 

Item 104. RevcluHona per minute of gae engine. — ^This item wai 
determined by revolution counters attached to the engine. 

Item 105. Explosions per minute per eylinder. — ^No method of 
counting explosions has been used, and the number of eaqdooooi 
for eaeli cylinder has been taken as half the number of revohitioiii^ 
as the number of misfires was negligible. 

The items giving indicator card pressures are ayerages of csids 
taken during the test. The area of all cards was determined hf 
means of a planimeter, and the mean effective pressure was found 
by dividing the area in square inches by the length in inches and 
multiplying by the scale per inch of the spring. The indicated 
horsepower was then figured for each cylinder of the engine accord- 
ing to the usual formula: Horsepower =»=^«-Tjjrfj- 

In the Pittsburg tests the indicated horsepower was taken from i 
ciurve, for a discussion and explanation of which see page 324. 

INDICATOR CARD PRESSURES (POUNDS PER SQUARE INCH). 

McLximum, 

Item 106. First cylinder. — 
Item 107. Second cylinder. — 
Item 108. Third cylinder. — 

At release. 

Item 109. First cylinder. — 
Item, 110. Second cylinder. — 
Item HI. Third cylinder. — 

Mean effective pressure. 

Item 112. First cylinder. — 
Item lis. Second cylinder. — 
Item 114. Third cylinder. — 

INDICATED HORSEPOWER. 

Item 115. First cylinder. — 

Item 116. Second cylinder. — 

Item 117. Third cylinder. — 

Item 118. Total.— 

Item 118 is the sum of items 115, 116, and 117. 
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BRAKE HORSEPOWER. 

Item 119. Brake horsepower developed at engine. — In the tests 

made at St. Louis and Norfolk this item is based upon the electrical 

horsepower developed, with an assumed eflBciency of 85 per cent 

For the generator and belt. Item 119 = item 121 -^0.85. 

196 5 
Example (test No. 140): ' =231.2 brake horsepower. 

In the Pittsburg tests an efficiency load curve for the generator 
was secured, and this was combinecl with an assumed efficiency of 
96 per cent for the belt. The brake horsepower was then deter- 
mined as in the St. Louis and Norfolk tests. 

Item 120. Brake horsepower commercially available. — By brake 
horsepower commercially available is meant the brake horsepower 
developed by the engine less the equivalent brake horsepower nec- 
essary for the operation of the auxiliary maelunery of the plant. 
It bears the same ratio to brake horsepower developed that the 
electrical horsepower commercially available bears to the electrical 
horsepower developed. Item 120 = item 1 19 X item 122-?- item 121. 

Example (test No. 140): - — TK^r — '— = 221 A brake horsepower 
commercially available. 

ELECTRICAL HORSEPOWER. 

Item 121 . Electrical horsep&wer developed at sivitchboard. — Tlirough- 
out each test the voltmeter and ammeter were read every 20 min- 
utes. Each 20-minute reading was reduced to its equivalent horse- 

,.,.„. I volts X amperes , . . , , 

power by the folloviang rule: - - ji^ =electncal horsepower. 

The average of these values for the entire test is given in item 121. 

Item 122. Electrical horsepmver commercially available. — This item 
is equal to the electrical horsepower develoi)ed less the electrical 
horsepower required to drive the auxihaiy machinery of the plant. 
(See item 123.) Item 122 =item 121 -item 123. 

Example (test No. 140): 196.5-8.3 = 188.2 electrical horsepower 
commercially available. 

Ite^n 123. Avera/je electrical horsepower required to run th^ auxiliary 
machinery. — In the tests made at wSt. Louis and Norfolk power was 
used to drive the tar extractor, and in the Pittsburg tests to run the 
exhauster and gas compressor. Tliis auxiliary macliineiy "was motor 
driven, and the electrical current required was measured by means of 
a wattmeter, from wliich readings were taken hourly; the current 
thus required is given in item 123 as electrical horsepower. 
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EOONOiaO BS8I7LT8. 

Pounds of fuel per horsepower hour are ghren in items 124 to 180, 
inclusiye. Items 1 24 to 1 38, inclusive, give the fuel consumed in the 
producer per horsepower hour, while items 139 to 150, indusm, 
give the total fuel consumption of the plant, which includes the fnd 
charged in the producer and also the fuel required for the generatioi 
of the steam used. 

FUEL CHARGED IN PRODUCBB PBS HOB8BK>WBR HOUB (rOUNDS.) 

Per indicated hanepower developed. 

Item 124. As fired. — Item 124 = item 21 -^item 118. 

Item 125. Dry.— Item 1 25 = item 22 -h item 118. 

Item 126. CombueHble.— Item 126= item 23 -^ item 118. 

Per brake horsepower developed at engine. 

Item 127. As fired.— Item 1 27 = item 21 -!- item 119. 

Item 128. Dry.— Item 1 28 = item 22 -s- item 119. 

Item 129. CombuetOJble.—liem 1 29 = item 23 -^ item 1 19. 

Per brake horsepower commerdaUy avaiUMe. 

Item ISO. As fired. — Item 130 == item 21 -^item 120. 

Item ISl . Dry,— Item 131= item 22 4- item 1 20. 

Item 1S2. Combustible. — Item 132 = item 23-f-item 120. 

Per electrical horsepower developed ai switchboard. 

Item ISS. As fired.— Item 133 = item 21 -h item 121 . 

Item IS4. Dry.— Item 134 = item 22 h- item 121. 

Item 136. Combustible. — Item 135 = item 23-^item 121. 

Per electrical horsepower commercially avaiUMe. 

Item 136. As fired.— Item 136 = item 21 -^ item 122. 

Item 137. Dry.— Item 137 = item 22 -r- item 1 22. 

Item 138. Combustible.— Item 138 = item 23 -^ item 122. 

TOTAL FUEL CONSUMED BY PLANT PER HORSEPOWER HOUR (POUNDS). 

Per bralce horsepower developed at engine. 

Item 139, As fired.— Item 1 39 = item 24 -^ item 119. 

Item 140, Dry.— Item 140 = item 25 -r- item 1 19. 

Item 141. Comlmstible. — Item 141= item 26 -i- item 119. 
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Per brake Thcrsepower commercially available. 

Item 14£. As Jired.— Item 142 = item 24 -^ item 120. 

Item 14s, Dry,— Item 143 = item 25^ item 120. 

Item 144. Combustible. — Item 144 = item 26 -^ item 120. 

Per electrical horsepower developed at svntcTiboard. 

Item 145. As jired. — Item 145 = item 24-=- item 121. 

Item 146. Dry. — Item 146 = item 25 -^ item 121. 

Item 147. Combustible. — Item 147=^ item 26 -^ item 121. 

Per electrical horsepower commercially available. 

Item 14s. As Jired.— Item 148 = item 24 -^ item 122. 

Item 149. Dry. ^Item 149 = item 25 -^ item 122. 

Item 150. Combustible. — Item 150 = item 26 -^ item 122. 

STEAM USED BY PRODUCER (POUNDS). 

Item 151. Total. — In the tests made at Norfolk steam was fur- 
ished for the operation of the producer from a small upright boiler. 
!are was taken to prevent any waste of steam by its blowing through 
he safety valve or otherwise, and the water consumption of the 
toiler during a test is taken as the total steam consmned. In the 
ests at St. Louis the amount of steam used was calculated from a 
ecord of pressures and calibrations of the steam nozzle. (See dis- 
ussion following item 26.) 

Item 152. Per hour. — Item 152 = item 151 -J-item 5. 

7700 
Example (test No. 140): -^7r-=154 pounds. 

FUEL EQUIVALENT OF STEAM USED PER HOUR (POUNDS). 

In the Norfolk tests these items are taken directly from the coal 
ecord of the auxihary boiler, wliile for the St. Louis tests they are 
'calculated from the steam consumption. (See discussion following 
tern 26.) 

Item 153. As jired. — 

Item 154' Dry. — 

Item 155. Combustible. — 

EFFICIENCY (PER CENT). 

Item 156. Oj conversion and cleaning ga^. — Item 156 is based upon 

the lieat value of the coal consumed per hour and the heat value of 

the gas produced per hour after being cooled and cleaned. 

Ti. t ezj item 53 X item 43. 

Item loD= ..- -;,^ — .. — i^=r 

item 2 1 X Item 37 

Example (test No. 176): igo 3^13 7^ = 68.4 per cent. 
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Item 157. Ofprodvcet phmL—hk the teste mede e* Si. Look audi 

Norfolk this item is based upon the totti fiul ocmsmned by the 

plant per hour and the heat vi^ue of the gee after deducting the heit 

equivalent of the auxiliaiy power. 

J. ,.. (item 63 Xit^n 43)- (2,546 X item 123) 

item lot =« IT — ^^ ^^ *^ — ^ a» 

item 24 X item 37 

T? 1 /. ^xr t^Ax (17,680X14 4,9) - (2,646X8.8) „^ 
Example (test No. 140) : -^— ^ 288 8 X 13 181 ^ P* ' 

In the Pittsburg tests this item takes into account the power 
required to drive the auxiliary machinery, basing the eflkiencjr upon 
the heat value of the gas after deducting the heat equivalent of the 
auxiliary power. 

J. ,.. (item 63 X item 43)- (2,648 xiton 123) 

item 157 =» IT g^i ,^*. — 5= r- 

item 21 x item 37 
Example (t^t No. 176): (1M51^||^=^^«><M „ ^^ 

cent. i 

I 

THERMAL BFFICIBNOT OF BNOINB BA8BD VFON TRB BMAT BqEIIIVALBMT OP mOMB 

HOB8BPOWBB DBYBLOPBD AKD GAS HO MBf OW gE . 

Item 168. Indicated. — Item 188 « item 48 -^item 47. 

ft QOI 

Example (test No. 176) : oKofo *" ^^"^ ^^ ^^®'^^* 

Item 159. Brake. — ^Item 189 = item 49-3- item 47. 

8 930 
Example (test No. 176) : 95 070 ° ^^'7 per cent. 

Item 160, Electrical. — Item 160 = item 80-^item 47. 

5 124 
Example (test No. 176): ' ^-^ = 20.4 per cent. 

EFFICIENCY OF ENTIRE PLANT, BASED ON THE HEAT EQUIVALBNT OF ONB HOR8EFOWEB 
HOUR AND THE HEAT VALUE OF THE FUEL CONSUMED PER STATED HORSEPOWER 
PER HOUR. 

Item 161. Brake horsepower developed at engine. — Item 161 = 

heat equivalent of 1 horsepower hour 

item 127 X item 37 

2 548 
Example (test No. 176): 1 iRy iq t^^ '^^^'^ P®^ cent. 

Item 162. Brake horsepower commercially available. — Item 162 = 

heat equivalent of 1 horsepower hour 

item 130 X item 37 

2 545 
Example (test No. 176): i igy i*^ ii^ ^^^'^ P^^ cent. 

Item 163. Electrical horsepower developed at switchboard. — Item 

^ heat equivalent of 1 horsepower hour 

^^^ item 133 X item 37 

2 545 
Example (test No. 176): 1 qq viq 7 95 '^^^'^ P®^ ^®^*' 
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Item 164' Electrical horsepower commercially availahle. — For the 

Pitteburg teste item 164= *^*'^^ equivalent of 1 horsepower hour 
^ item 136 X item 37 

2 545 
Example (test No. 176) : i qa ^ 13 795 ^ ^^'^ P®^ ^^^^' 

In the tests made at St. Louis and Norfolk item 164 = 

heat equivalent of 1 horsepower hour 

item 148 X Item 37 

2 545 
Example (test No. 140): i ogy 10 iqi = 14.2 per cent. 



TAR. 



In many of the tests made at St. Louis and Norfolk the tar produced 
was collected and weighed. The tar was washed from the gas, and 
it generally contained a high percentage of water, which was not 
easily separated. In a number of tests, however, the tar thus 
collected was placed in a steam heater, provided for the purpose, by 
means of which the greater part of the water in the tar was driven off. 

Item, 165. Pounds of tar per ton of fuel j vxiier extracted, — This item 
was found by dividing the weight of tar produced for the entire test, 
after the water had been driven off by evaporation, by the weight, in 
tons, of the fuel consumed in the producer. 

Item 166. Pounds of tar per ton of fuel, vmter not extracted. — This 
item was found by dividing the weight of tar as collected by the 
weight, in tons, of the fuel consumed in the producer. 



SUPPLEMENTARY DATA. 



Item 167. ReTnarTcs. — This item refers to the page upon which 
will be found a brief description of each test. 
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PART III. 

REPORT OP INVESTIGATIONS AT PITTSBURG. 

By R. H. Fbrnald and ('. I). Smith. 
INTBODnCTION. 

Investigations at St. Ijouis and Norfolk demonstratod tlie possibili- 
ties of utilizing a wide range of fuels in producer-gas power plants. 
Among the fuels tested at St. Louis were a number containing over 
20 per cent of ash. In one case the ash ran as higli as 44 per cent. 
This fact, together with the general interest in the conservation of 
fuel resources, made it desirable to carry on tests upon various types 
of low-grade fuel and refuse material. Accordingly, at Pittsburg the 
investigations were directed along this line, tests being made on 
high-ash fuels, roof slabs, and washery refuse. Other types of fuels 
were also tested, such as lignite, peat, and Rhode Island graphitic 
anthracite. The character of the fuels selected was such that no 
attempt was made to determine the highest possible efficiency with 
which each might be used, but the tests were conducteMJ simply to 
demonstrate the possibility of successfull}^ utilizing such materials. 

Observations and records were, of course, made at all times, and the 
figures secured are presented in the following pjiges; l)ut in examining 
these tlie main purpose of the investigations and the methods pursued 
in conducting the tests should not be forgotten 

PBBSONNEL. 

The tests, under the general direction of R. H. Fernald, engineer in 
charge of producer-gas tests, and the personal supei'vision of D. T. 
Randall (until April, 1909) and C. D. Smith (April, 1009, to July 1, 
1910), were made by the following men: C. D. Smitli, F. E. Wood- 
man, D. F. Smith, W. J. Harris, jr., W. A. Wicks, X. II. Snyder, E. J. 
Billings, A. J. Hazlewood, E. W. Miller, L. R. Ebert, G. A. Burrill, 
and Lauson Stone. 

EQUIPMENT. 

The equipment consisted of a complete gas-producer outfit rated at 
150 horsepower, a three-cylinder vertical gas engine of equal capacity, 
a 175-kilowatt direct-current generator, and such auxiliary ai)piu*atus 
as w^as necessary for the operation of the plant. Figure 214 shows a 
plan of the plant, together with its general arrangement and principal 
dimensions. Figure 215 shows an elevation. 
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^ray in the upper port of th« wet i 
which served to dry the gu to • 
through to the outlet pipe. The 
with manholee, by means of which it 
from time to time and through whid 
and fresh coke inserted wh«i nacea 
base of the scrubber wss connected 
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the eycloidal iftiiriiriAing inqMller 
type; it waa belt drvran and had & 
capacity of about 3 cubb feet per 
revolution, ^le QMed of the ex- 
hauster was practically .constant, 
but tha volume of gas delivered 
was automatically regulated by 
the gas holder, which oontroUed 
a by-pass valve connected with 
the exhauster. Whenever the gas 
holder was above its normal posi- 
1 tion as a result of excess gas, the 
T by-pass valve opened and ,a portion 
■' of the gas from the outlet aide of the 
exhaiiBter passed back to the inlet 
aide, thus decreasing the quantity of 
gas delivered to the gas holder, and 
consequently, by the same amount, 
the quantity of gas drawn from the 
Whenever the gas holder fell below its normal position, the 
by-pusH vulvo closetl and the maximum output of the exhauster was 
(IdivertHl to the gas holder. The action of the exhauster created » 
suction tlu>^ughout the syatem from the producer to the inlet side of 
the oxhtiuster, the amount of suction at the exliauster inlet varying 
fn>m about 2 inches to 60 inches of water, depending upon the resist' 
once of the economizer and wet scrubber and upon the couditiou uf 
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gas samplee for uialyHia, UU'*' 
eter. A half-inch pipe was i|k^ 
the gas main leading from th^^ 
pipe were several holes, the'' 
equal to the croB»4ectional ai 
made from a gas cock to the' ' .^.^ 
During the first tests instaT'"'* *7] 
taken at regular intervals, 
samples were takm. lliMe 
the time over which the a 
was controlled by an a 
from the gas-sample holder si 
through the gas-sampling pi^ 




illustration. This prevented any accumulation of gas in the |npe, 
which might vitiate the sample. 

llemple's npparatus was used in making the gas anal3rBe8, apeci«l 
attention being given to details of manipulation and to the use of 
solutions. Caustic potash, fuming sulphuric acid, pTrt^allio add, 
and cuprous chloride were used in the order named. Methane and 
hydrogen were determined by slow combustion over mercury. 
Nitrogen was determined by difference. 

Experimental work investigating the comparative accuracy of 
different methods of gas analyses is now being carried on at the test- 
ing station. The results of this investigation will be published in a 
bulletin of the Bureau of Mines. 

The factors used in calculating the heat value of the gas from 
the analysis were taken from Thompson's Thermochemie Unter^ 
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teeteil at the PittabuTp sUtu 
to operate the producer loii| 
the fuel bed and thmoaf^ 

The espeinal feature of » 
tar-free gas. That this fui 
necessary to maintain an ii 
a "fixing bed," thnni^ n 
fixed or changed into perm 
best. 

In the producer installed 
coke was used at the begii 
The coke was placed upon 
feet thick, but this amotmt 
fuel to be tested, more bein 
coal. The fire was usually 
coke; sometimes, however, t 
charged on top of the coke 
the time of lighting the fir 

the nec««sai7 downward draft, and the ninm wmmmtk •» Mto &■ 
charge the gasee thiou^ the pu^e fHpe into tba atameKphma. M 
soon as the fire was burning well, hiel wee efaagwl  bat ■> it 
would ignite readily and until an cffeotave variBOg fbel bed wu 
built up. The first gases formed were predoBte of ■leiipliile earn- 
hustion, but as the fuel bed iiii ii iiiiiiil in lliiiti^ llie nwiilj iJ Ihri 
gns gradiinlly improved. It ordinuily required about en iaia 
from tho time the Sre was started in the producer bafan the gu 
would i^iiito ftt the tost cock, but this time varied with diffonnt 
ftiplH. As soon as the gna would bum steadily the eppn^ waa nnulfy 
HtHFt^d. The gas nt this time, however, even though it burned reedit^ 
nt the test eoek, was generally low in heat value, and tar soom tune 
following only partial load could be carried at the iiiiglii Before 
the engine wils started the valve in the purge pipe waa doaed and 
the holder filled n-ith gas. 

During the first part of a run, and while the fuel bed was still conn 
piiriilivcly thin, the gns consumption was invariably leea than the 
maximum out])ut of the exhauster, and consequently, timu^the 
action of the exhauster by-pass, the draft on the producer was ma'- 
tt^rially diminished. Frequently the effect of the deiareased dnA 
Vina t^i cool tlie fuel bed to such an extent as to cause a decrease in 
the heat value of the gas, and thus affect the operation of the engine. 

In order to maintain a draft sufficient to prevent undue cooling 
of the fuel l)ed at such times, it was necessary to open the purge valve 
slightly iin<l allow a )M>rtion of the gas to escape into the atmosphere. 
Thus the quantity of gas dra^-n from the producer was increased and 
likewise tlie draft. But as the fuel bed increased in thickness, the 
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mperature also increased and the quality of the gas improved, and 
ter 3 or 4 hours' operation it was usually unnecessary to keep the 
u^e pipe open. 

After a fuel bed 3 to 4 feet in thickness had been built up coal was 
larged into the producer less frequently and in smaller quantities 
lan at first, care being taken to keep the fire uniform and to prevent 
le formation of chimneys or large open passages through the fuel 
;d. 

The charging of fuel from the top of the producer and the down- 
ard draft had a tendency to pack the fuel bed, and thus to increase 
s resistance to the passage of gas. The accumulation of ash, which 
creased as the run progressed, also tended to retard the velocity of 
le gas. The resistance of the fuel bed was measured in inches of 
ater by a manometer connected with the base of the producer, and 
irougliout a run this resistance varied from about 2 inches to 20 or 
) inches, according to the condition of the fuel bed and the character 
' the fuel used. With a high resistance of the fuel bed the quantity 
gas that could be drawn from the producer was decreased, and fre- 
ien*' the quality of the gas was impaired. In order to reduce the 
sistance and to prevent its gradual increase throughout a run, the 
el bed was loosened from time to time by shooting. This was 
complishcd by admitting compressed gas beneath the fire-brick 
ate at a pressure of about 125 pounds per square inch. Before tliis 
IS done, however, the charging door was closed and securely fas- 
icd and the purge pipe leading from the top of the producer was 
ened. A valve in the gas line near the outlet of the producer was 
sed, and immediately the comprassed gas was suddenly admitted 
the ash pit. The only exit was up tlu*ough the fuel bed and 
rgc pipe to the atmosphere, and the eiTect was to thoroughly 
•sen the fuel bed. Much fine material which collects during the 
eration of the producer and fills the interstices of the fuel bed was 
»wn out. Tlie resistance of the fuel bed was thus materially 
luced, frequently from 25 inches of wat<»r before shooting to only 
•r 4 inclies after sliooting. Sometimes, however, with a fuel having 
•essive clinkcring tendencies, a shot had little or no effect on the 
istance of the fuel bod. The frequency with wliicli it was neces- 
y to shoot the fire depended upon the fuels used, some requiring 
^eral shots each day, whereas with others one shot each day was all 
it was necessary. From 1 to 2 minutes were required to make a 
)t, and during this time the engine drew on the gas reserve in the 
Ider, wliich contained a sufficient quantity of gas to run the engine 
' a period of from 6 to 8 minutes. Generally a shot produced no 
ect upon the quaUty of the gas, but sometimes the calorific power 
s reduced, while at other times it was increased. During the 
eration of the producer a pilot Ught or test flame was kept burning. 
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wliich served to give tlie operator an indication of the quality of the 
gas and acted as a guide in handling the producer. 

Owing to the poor grade of the fuels tested, it was difficult to gen- 
erate at all times a gas of uniform quality or of sufficient calorific 
power to sustain the rated full load at the engine. When the gas was 
of too low heat value to enable the engine to caBrry its rated load, the 
maximum load that could be carried was maintained. Of the tests 
made, two were partial-load tests, and in these no attempt was made 
to carry the maximum load. 

During each test a record was made of the time and quantity of 
each fuel charge. The temperature and pressure of the gas at differ- 
ent points in the producer plant were observed and recorded hourly, 
as were also all water-meter readings. The gas-meter and switch- 
board readings and the jacket-water temperatiu*es were recorded 
every 20 minutes. 

Tests 170 to 183, inclusive, and test 195 were continuous, but in 
tests 184 to 194, inclusive, the plant was operated 9 hours a day, with 
fires banked at night. 

The indicated horsepower developed in the tests has been deter- 
mined from the curve shown in figure 218. Indicator cards, however, 
were taken frequently, and they were of great value to the engine 
operator as an aid in determining the proper valve settings and time 
of ignition; but owing to the conditions of variable load and irregular 
intervals under which the cards were taken, their use as a measure of 
the indicated horsepower is rather unsatisfactory. It is probably 
true that the values obtained from the curve are frequently some- 
what in error, but it is believed that thc}^ are more rehable than wlieo 
computed from the cards. The curve is based upon 25 sets of care^ 
fully selected indicator cards, taken at various loads but with tU^ 
engine running steadily. The cards were taken simultaneously ^it J"* 
switchboard readings. Each set consists of three cards, one for eac^ 
cylinder of the engine. These cards were carefully computed, an^^ 
the indicated horsepower obtained for each set was platted again^^ 
the electrical horsepower observed. Typical indicator cards, togeth^^ 
with the computed data, are given for several of the tests. 

RESULTS OF TESTS. 

Pittshurg No, 7, test 170, — The fuel used during this test was calle^ -^ 
nut coal, but it contained a large percentage of slack and little lum^ 3 
or nut. This was the first run made after the installation of th»-^ 
plant, and it was more in the nature of a trial run than a test. Mo^** 
of the ol)servations were recorded, however, and the results of tlxe 
run are presented in the table on page 352. Tliroughout the run of ^^ 
consecutive hours no special attempt was made to secure efficiency 
or economic results, but rather to familiarize the operators sS^^ 
"servers with the working details of the entire equipment. 
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During the first part of the run the gas was of poor and rather 
triable quality, but as the fuel bed was built up the quaUty of the gaa 
nproTed and became more uniform. The fuel bed was poked fre- 
uently, and during a portion of the run it was shot at intervals of 
ran 1 to 2 hours to prevent an excessive resistance of the fuel bed. 
The engine ran steadily throughout the greater part of the test, but 
one time a few bark fires occurred, an<l one of the exhaust valves 



casioned some difiicuhy by sticking. These troubles were not 
tious and were soon remedied. The load varied somewhat, as is 
own by the graphic log (fig. 219). 

At the close of the run about 350 pounds of clinkers were removed 
am the producer. Graphic log is given on page 325 (insert). 
Pittaburg No. lA, test 17!.— This was a continuous test of 38 hours, 
he fuel used was a roof coal containing ovct \& ^«i <:«!& qV «^-i *sA 
STOeO'^Bull lJ-11 22 
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was delivered to the producer platform in lumps up to 8 or 10 inckes 
in diameter. Some lumps contained a large proportion of slate of 
shale, whereas others appeared to consist entirely of high-grade coaL 
The himps were broken up before the coal was fired. 

An hour and eighteen minutes after the fire was started combustibk 
gas from the producer was available. 

An accumulation of clinker caused the resistance of the fuel bed to 
increase gradually throughout the test, and necessitated frequent 
shooting. The resistance of the fuel bed is shown by curve i ot 
the graphic log (fig. 226), and is given in terms of the negative pres- 
sure or suction at the base of the producer. From this curve the 
eflFect of shooting is readily seen by the abrupt decrease in the suc- 
tion, indicating a decrease in the resistance of the fuel bed. 

As the chemical laboratory had not been completed at the timeol 
this test, no heat value determinations or analyses of the gas wae 
made. • Several temperature readings were also omitted due to the 
lack of thermometers. 

The quaUty of the gas, as indicated by the behavior of the engine? 
varied somewhat during the test, generally falling off in heat value 
after shooting the fuel bed. The load carried was also variable, and 
at the beginning of the test only a light load could be maintained. 
Full load, however, was easily carried diuing portions of the run 
but it could not be steadily maintained because of the variable 
quality of the gas. At the close of the test a large quantity of 
clinker was foimd firmly attached to the producer walls and extending 
across the entire fuel bed. Graphic log is given on page 327. 

Pittsburg slack, test 172. — The fuel used during this test consisted 
almost entirely of fine coal. It caked to a considerable extent in 
the producer, necessitating frequent poking to keep the fuel bed iB 
good condition. During the first part of the run the exhauster 
gave some trouble, due to a leaking by-pass valve; this made it 
difficult to maintain a sufficient draft and also to keep the holder 
filled with gas. Under these conditions the gas was of poor and 
variable quality, and, consequently, only a small load could be 
carried. After a run of about 14 hours the plant was shut do^ 
and the by-pass valve was repaired. To insure ample suction, the 
speed of the exhauster was increased a little by a change of tbc 
pulleys from which it was driven. 

As soon as the repairs and changes were made, which require^ 
about 4 hours, the run was continued. No further trouble w^- 
experienced with the exhauster, and the gas improved rapidly t' 
quality. The resistance of the fuel bed, however, began to increase 
and it became necessarj" to shoot the fire frequently. 

No heat-value determinations or analyses of the gas were mad^ 
during the test, but changes in the quaHty of the gas were readiljr 
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idicated by the behavior of the engine. During the greater part of 
he test a furly uniform though not full load was maintained. After 
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about 50 hours' run the resistance of the fuel bed began to increase 
rapidly in spite of efiforts to keep it low by shooting the fuel bed. 
TTiG gas also decreased in hetit value, making it necessary to cedM.<» 
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the load. Finally, af tw a run (rf fi3 honn, theangmeBtoppedaaM 
load, the gaa being too poor to opacata it. In cbiaiiing out tb 
ta_ K MM -ta« « pmduoar at the olon 

the run the fuel bed V 
found to eax&am a k^ 
aniount of '■Knl 
was firmly attadied tothi 
producer walk, and wbtt 
had caused the hi^ » 
■iatance of the fud bW. 
Graphic log is ffrm N 
page 328 (insert). 

Pittabwy No. 4, 
17S.~-'niB fuel uaed dir 
ing this test was a \» 
quetted peat from Notk 
Carolina. The peat In- 
queta were hard 
and appeared to be wy 
dry. However, a pnoi- 
mate analysis (^ the MB- 
pie taken during the tot. 
showed about 14 per oat 
ofmoisture. Theamoant 
of peat available linuted 
the duration of the test to 
a little over 14 hours, aitdi 
unfortunately, a leik 
which developed in the 
gas-outlet pipe of the pn- 
ducer during the tot 
further impaired the valns 
of the results obtained. 
They are given, however, 
in t^e table on page 352. 
In the producer the peat 
worked well, the fuel bed 
requiring no poking or 
shooting until toward the 
end of the run. The re- 
sistance of the fuel Wi 
however, increased grad- 

rrauFE K2.-Oraphlolog^t. t«t No. 173, PltKburg No.4«»l. ^^^^ throughout the teSt, 

and at the close it was exceptionally high. During this test csl- 
orimetric determinations and analyses of the gas were made. 11* 
heat value of the gas was variable, and was impaired to a conud' 
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erable extent by the leak in the gas pipe. Its average for the test 
109 B. t. u. per cubic foot. The load carried was rather irregular, 
is shown by the graphic log (fig. 223). This peat was unusually 
high in ash, containing a large amount of silica sand, and as a result 
there was an excessive amount of cUnker formed. Graphic log is 
given on page 328. 

Pittsburg slacks test 174. — Pittsburg slack of the same general char- 
acter as that fired in test 172 was used throughout this test. It 
caked considerably in the producer, and the fuel bed had to be poked 
st frequent intervals. Throughout the test the gas was rather 
variable in quaUty, as is shown by the graphic log (fig. 224). Soon 
after the test started air leaks developed around the clean-out doors 
of the producer, and it became necessary to shut down in order to 
stop them. The resistance of the fuel bed was high at times, but 
usually this was effectively reduced by shooting. During the last 
24 hours of the run air leaks gave further trouble, owing to a break 
in the cast-iron connection between the producer and the economizer. 
The gas ignited at the break, causing undue heating of the economizer 
and impoverishing the heat value of the gas to such an extent as to 
necessitate a reduction in the load. A considerable amount of 
clinker was formed during the test, but it was removed with Uttle 
difficulty. Graphic log is given on page 329. 

Pittsburg No, 5A, test 175, — The fuel used during this test was a 
Pocahontas bone coal. It contained about 15 per cent of ash, and as 
fired had a calorific value of about 12,750 B. t. u. per pound. When 
delivered to the producer platform the fuel contained about 50 per 
cent of slack or fine coal, the remainder being lumps, many of which 
contained slate or shale. Throughout the test of nearly 111 hours 
the producer was kept in a fairly satisfactory operating condition. 
The gas, though somewhat variable in quality, gave little trouble at 
the engine, and practically full load was maintained during the greater 
part of the test. The resistance of the fuel bed varied tlu'oughout 
the run, but by shooting from time to time it was prevented from 
becoming excessive. Lampblack was washed from the scrubber con- 
tinually. A considerable quantity of clinker formed, which adhered 
to the producer walls in a ring 12 to 18 inches in thickness. In clean- 
ing out the producer this clinker was broken loose easily. Graphic 
log is given on page 329. 

Pittsburg No, 5 Ay test 176. — This test was made on the same kind 
of fuel as that used during test 175 but from a different car and appar- 
ently of a little better grade, containing about 12 i)er cent of ash and 
having a calorific value of approximately 13,725 B. t. u. per pound. 
The action of the fuel in the producer and its appearance were 
the same, however, as that of the coal used for the preceding 
test. The quality of the gas was somewhat variable, but the engine 
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carried a fairly steady load during tlie greater pari of tha test 
calorimeter did not woric satisfactorily all of the timoy and it i 
probable that many of the fluctiiations in the heat vahie of the 
shown on the graphic log for this test (fig. 228) aie eaceessiye. 
considerable quantity of lampblack was produoed doring the 
The resistance of the fuel bed varied widely, but wfaeoeYer it 
unduly high, shooting the bed invariaUy reduced it to noimal 
ditions, and without apparently affectbag the quality of the 
More clinker formed during this test than in the preceding one, 
it was much harder and adhered firmly to the producer walliif \ 
Graphic log is given on page 329. 

Pittsburg No. 5A, test i77.— Although the fuel uaed during tliij 
test was from the same lot as that used during test 176| it diffi 
somewhat in analysis, being higher in ash and lower in heat 
The test was made as nearly as possible imder the same 
as test 1 76, except that only about one-half load was canied. 
this condition the producer woric^ quite satisfactorily; the 
perature within the producer, however, appeared to be eoxmitaiij 
less than when the producer was operating under full load. Ito 
average temperature of the gas leaving the producer during test 177 
was 1,013'' F., which is 230'' F. less than its average tempentan 
during test 176. The quality of the gas throughout the test iw 
variable, as is shown by the graphic log (fig. 226), but at all timei iti 
heat value was sufficient to enable the engine to cany half load with 
ease. The resistance of the fuel bed, although somewhat variable, 
was much more uniform than on full-load tests, and much less shooting 
was required to keep the resistance from becoming excessively hif^ 
The test was interrupted for a short time after a run of about 50 
hours by the breaking of a valve spring on the engine. This nectsti^ 
tated a shutdowTi, but repairs were soon made and the test continued. 
Much less clinker formed during this test than during test 176> 
nevertheless, a considerable (quantity adhered firmly to the product 
walls. The effect on fuel economy of running at half load is readily 
seen by comparing the results of tests 176 and 177, as given in tb^ 
table on page 357. The producer efficiency dropped from 68 per cen* 
at approximately full load, to about 61 per cent for half load, buO- 
the fuel consumption per brake-horsepower hour increased 32 pe^ 
cent. Graphic log is given on page 330. 

Pittsburg No. 6 A, test 178, — Pittsburg No. 5A coal, taken from the 
same carload lot as the fuel for test 177, was used for this run. In 
analysis and heat value the two lots corresponded closely. Through- 
out this test different loads were maintained during different por- 
tions of the nm, as is indicated by the grapliic log (fig. 227), quarter 
load, half load, three-quarter load, and practically full load, respec- 
tively, being maintained for periods of about 24 hours each. At the 
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lie period during which three-quarters load was carried, the 
urd instruments were cahbrated in position, and in order to 
full range of the instruments it was necessary to reduce the 
s shown by the graphic log. The calorimeter meter gave 
ible from time to time during the test, and although the 
h1 heat values are platted, they can not be regarded as 
jT reliable. The gas gradually increased in heat value, 
as the load was increased, as Ls shown by the curves giving 
'ses. The producer was handled with little difficulty, and 
ively few shots were required to keep the resistance of the 
within normal limits. The ftre, however, was poked fre- 
o prevent the formation of chimneys in the fuel bed. Dur- 
m a ring of clinker about 1 foot thick collected on the pro- 
Is. The economic results, as given in the table on page 357, 
upon the average horsepower developed for the entire test, 
og is given on page 330. 

rg No, 7, test 179. — The fuel used during this test was a 
^te. It was hard and brittle, and in outward appear- 
of a dark brown color, but freshly broken surfaces were 
ack. It consisted mostly of small lumps 1 to 2 inches in 
There was some slatey looking material in it, but nothing 
g wood as in some lignites. This fuel appeared to be very 
when handled it wjis decidedly diLsty. An analysis, how- 
he sample taken during the test showed that it contained 
•er cent of moisture. During the first few hours of the test 
ble difficulty was experienced in obtaining a good fuel bed. 
:e did not ignite readily, and the tendency of the fire was to 
v^n into the coke bed. With the combustion zone in the 
, an unusually high temperature was produced, which 
y aided in thoroughly igniting the lignite, after which no 
was encountered in keeping the fire at the top of the fuel 
:er the fu^t 8 or 10 hours the resistance of the fuel bed 
rapidly, and although numerous shots were made it cou- 
gh throughout the remainder of the test. The test was 
3d for about two hours during the second day's run, owing 
eking of the exhauster by accumulated tar. The tar was 
formed because the greater part of the coke was consumed 
^nning of the test, thus seriously reducing the depth of the 
1. 

lorimeter meter gave considerable trouble during the run, 
traces of tar in the gas. Consequently the results of the 
e determinations were rather variable and unsatisfactorv. 
ing with this test, the methotl of taking gas samples for 
IS described on page 319 was first used. All previous anal- 
) made from instantaneous samples, ami the results were 
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platted on the graphic log as points. With oontinaons samphi^ 
however, short horizontal lines have been used instead of pobtip 
thus indicating the length of time during which a sample was takn 
as well as the resulting analysis. 

A fairly uniform though not quite full load was maintained tliroiq^ 
out the greater part of the test. Toward the last of the nm tfa 
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Center cylinder: Max. pre*., 840 lbs. ; release, SI lbs. ; M. E. P.. M.0 lbs. ; L H. P.. 54.1. 




I^rt cylinder : Max. pres., S7S lbs. ; release. 19 lbs. : M. E. P.. 6S.4 lbs. ; I. H. P.. &£.«. 

Figure 229.— Indicator cards taken March a, 1909, 6.05 a. m., during gas-engino test No. 179 on PlttsbnrS 

No. 7 ooal. Scale of spring. 200; revolutions per minute, 261.2. 

resistance of the fuel bed was unusually high, the gas fell in heat 
value, and after a run of 84 hours the test was brought to a close. 

During the test a large amount of clinker formed, which was 
removed with difficulty. Graphic log is given on page 331. 
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Ishurg No. 5, test 180. — ^This test was made on a Texas lignite 
L in many respects was similar to that used in test 179, being 
1 in color and of the same general appearance, although some- 
finer. Its action in the producer, also, was very much the 
; it ignited slowly at the beginning of the test, and as the fuel 




Rlg-ht cylinder: Max. pres., S48 IbA. ; release. SO lbs. : M. E. P., 60.0 Iba. ; I. H. P., 60.0 




Center cylinder: Max. pres.. S35 lbs.; release, 2S lbs.; M. E. P., 68.7 lbs.; I. II. P., 57.S. 




Left cylinder: Max. pre?., S50 lbs.: release. 17 IbM.; M. K. P., 56.7 lbs.; I. H.P.. 47.S. 

231.— Indicator cards taken March 11, 19(X), 2.05 a. m., during gas-engine teat No. 180, on Pittaburg 
No. 8 coal. Scale of spring, 200; revolutions per minute, 261.2. 

icreased in thickness tlie resistance increased rapidly, necessi- 
; frecjuent shots. After each shot a considerable amount of 
laterial resembling sand was found on top of the fuel bed. 
the calorimeter determinations were rather unsatisfactory, the 
^alue of the gas was calculated from the analysis and platted, 
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sd at frequent intervab. During the first 10 or 12 hours of the 
aly partial load was carried by the engine, and consequently 



M.— Graphic log sheet, lest No. 1S3, 1 



la consumption was low. Under these conditions a sufficient 
ity of gas was produced with a comparatively small suction on 



S3ft 



BESTTMB OF PBOBUCEBrOAS IKVESHOATIONS. 



the producer, as is shown by curve i of the graphic log (fig. 2^i 
The load x^-as increased, howeyer, to practically full load, and iminedi 
ately the resistance of the fuel bed b^an to increase, and during tb 
remainder of the run it was exceptionally high. Toward the lastc 
the test, shooting had little effect on the fuel bed, and the quantitjt 




BiCbtcylfiider: Max. prea.. 953 lbs.: 



.f&IlM.; ]f.E.P^7LSll».: LH.P..MJ. 




Center cylinder: Max. pres., 340 lb«. ; release, 24 lbs. ; M. E. V. 60.4 Ibe. ; I. H. P.. S7.(. 




Left cjllnder: Max. pres., Sll lbs. ; release. 22 Ibtt. ; M. E. P., r>3.2 Ibn. ; I. H. P. 44.2. 

FiGURB 235.— Indicator cards taken April 13, 1909, 12.05 p. m., during gas-^ngino test No. 183 ( 
burg No. 12 coal. Scale of spring, 200; revolutions per minute, 261.2. 

gas produced decreased to such an extent that it became necessi 
reduce the load, and in a short time the run was brought to a 
Tliis fuel produced an excessive quantity of clinker, which ad 
firmly to the producer wails. Graphic log is given on page 335. 
Pittsburg No, 13, test 184- — This test was made on a North Di 
Ugnite. The fuel was dark brown in color, and many of the 1 
distinctly showed the grain and texture of wood. The moi 
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content of the lignite as fired was high, being nearly 35 per cent, and 
for this reason it ignited slowly when the fire was first kindled. After 
the fuel bed was burning well, however, the lignite ignited readily 
and produced a very satisfactory gas. Throughout the test the plant 




night ry linder: Max. pres., SM Iba. ; releane, M 11m. ; M. E. P , 73U lbs. ) I. H. P., 60.4. 




Cvnter cylinder: Max. pros.. 333 lbs.; release, Si Uw. ; M. E. P., 66.6 Ibo.; I. H. P., 64.8. 




Left cylinder: Max. pres., 377 lbs. ; release, 25 Ibe. ; M. E. P., 67.6 lbs. ; I. II. P., 48.1. 

FiouBE 237.— Indicator cards taken April 23, 1909, 3.53 p. m., during gas-«ngine test Xo. 184, on Pittsburg 

No. 13 coal. Scale of spring, 200; revolutions per minute, 263.0. 

was shut down each night, and during the day it was operated for a 
period of about 9 hours. The results of the test as given in the table 
on page 352 are based upon the total quantity of fuel used, no allow- 
ance being made for stand-by losses. 

The fire held in the producer over night remarkably well, and usually 
not over 10 to 15 minutes each morning were required to get the plant 
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in operation. The grapliic logs (fig. 236) ahow eadi day's perfonntaflb 
The load during the first hour or two of each day's run was ligibty sok 
because of lean gas, but because the water rlieostat was cold aad 
would not take the load. Throughout the entire test the mrantinm 
of the fuel bed was exceptionally low, and but few ahota ware mada 

The amount of clinker which formed during tUb test was antM, 
and in no way interfered with the operation of the producer. 
log is given on page 336. 

Pittsburg No. 14, test 185. — CaUfomia lignite was used for tUi] 
test. It was light bro¥m in color, and conristed piiincipsDy 
lumps, 6 to 10 inches in diameter, which were easily faroken. 
fired the lignite contained about 38 per cent of moistaie and had 
heat value of 6,330 B. t. u. per pound. In the producer it 
readily after the fuel bed was well ignited, and it held fire 
factorily over night, but each morning the producer had to 
operated from several minutes to three-quarters of an hour 
the gas was of suitable quality to run the engine. Hie heat 
of the gas was variable throughout the test, and it was 
to maintain a uniform load on the engine. The first day's run 
exceedingly short, as is shown by the graphic log (fig. 238). 
third day's run was interrupted by a shutdown of about 2 
during which time an exhaust vidve on the engine 'was re] 
On the sixth and last day of the test the fuel bed was in poor 
tion because of clinker; the gas produced was of very poor qi 
and the run lasted only about an hour and a half with a light 
on the engine. At the close of the test a large quantity of veij 
hard clinker was removed from the producer. The results as gi^«a 
in the table (p. 352) are based on the total coal charged, no aUowaneB 
lx»ing made for stand-by losses. Graphic log is given on page 339.  

PiiUhurg No. 12, test 186. — During this test washery refuse wta 
again us(^d in the producer, vAiYv the hope that more satisfactoij 
conditions could be maintained when operating intermittently thin 
when running continuously. The producer was fired in the umuJ 
manner^ and as soon as gas was available the engine was started. 
Durin<^ the first 2 hours, before the fuel bed w^as in good workiif 
order, the gas was low in heat value and only partial load could be 
carried ; throughout the remainder of the day's run, however, veiy 
nearly full load was maintained. The resistance of the fuel bed 
increased rapidly, but it did not becx)me excessively high during 
th(» first (lay's run. At the beginning of the second day's run the 
top of the fuel l)ed was found to be caked into a hard mass, which 
required much poking to break up. The resistafcce of the bed was 
high throughout the entire day, in spite of numerous shots. Tho 
gas was low in heat value and only partial load could be carried. 
Clinker accumulated to a considerable extent, and at the close of 
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tbe second day's run it so completely filled the fuel bed that no 
kttempt was made to start the next morning. Graphic log is given 
ga page 340. 



PraukE 233.-Oraphlc log iheel, Uat No. iSi, PltUbuig No. 11 coal. 

Pittsburg No. 11, test 187. — The fuel used during this test was a 
lignite from North Dakota. It was of a dark brown color and con- 
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akted Uzgely of lumps, which were easily farokan. It d*^ 
over 30 per cent of moisture, and as fired had a haat nfaiB '^ 



nouuSD.— OnptUcIofibnl, tol No. ISe, Pltubiug No. 13 oHl. 

than 7,000 B.t.u. per pound. Thefuel worked exceptionally w< 
the producer during the entire test, giving a satisfactory gas and 
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y no clinker. The lignite ignited very slowly when the fire was 
ghted, but after the fuel bed was burning well it ignited readily, 
g the shutdown from one day's run to the next, the producer 
ire remarkably well, and within 5 to 10 minutes after starting 
chauster, gas of good quality was available for the engine. 




KiKht cylinder : Max. pres.. 391 lbs. . releaite, 2« lbs.; M. E. P., 68.5 lbs.; I. U. P., 57.3. 




Center cylinder: Max. pres., 310 lbs. ; release, M lb«. ; M. E. P., 74.1 lbs. ; I. U. P.. 61.8. 




Left cylinder. Max. pren., »I lbs. ; release, 30 lbs. ; M. E. P., 65.9 lbj«. ; I. H. P , B6.0. 

241.— Indicator cards taken May 12, 1909, 10.11 a. m., during gas-engine t€st No. 187, on Pittsburg 
No. 11 coal. Scale of spring, 200; revolutions per minute, 262.8. 

» graphic log (fig. 240) shows the operating conditions. The 
laritv of the load curves for the fifth and sixth days was (hio 
aulty igniter. On the sixth day of the run, Saturday, the plant 
hut down at 1 o'clock and the producer was given no further 
don until the following Monday morning. At this time the 

J7080°— Bull. 13—11 23 
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fuel bed vts in excellent conditum, aai at 

gas e'xhauster was started gas of fair < a 

engine. The reeults of Uie test given ii bi 

on the total fuel used during the 7 days' m 

for stand-by losses. Graphic log is give 

PiiUburg No. I4, Ust 188.— A. Califon 1 1 

in run-of-mioe form during test 18S) was lued in h riquati for 1 
188. The briquets were hard, although made without a fain 
In the producer they burned more readily than the mom fuel m 
run-of-mine form, and produced a gaa of greater bat mom Tini 
heat value. The briquetted fuel had a higher calorific powir and ea 
tained much less moisture tbsji when unloiqiietted. In t~ _ 
the briquets fell to pieces as soon as they were heated throu^ Csni 
a fuel bed of fine material looking much like sawduBt. Tluon^ 
ihe test the resistance of the bed was exceptionally hi^ in 
frequent shots. There were also lai^ accumulatimis el 
which helped to increase the resistance. Each mominc it 
from 20 to 45 minutes to generate gas of suitable quality for 
engine. Graphic log is given on page 342. 

PUtsburg No. 18, teat /Sd.— The fuel used during this tert WMi 
Illinois bone coal, which, upon close examination, was found to 
sist of thin layers of good coal between layers of slate. In the 
ducer it ignited readily and burned freely, but it had a tendoieyti 
slag, forming pasty masses of clinker. "Hie gas produced wm low 
heat value, and but partial load could be maintained. This foal^; 
not hold fire well over night and it required some time each moniii( 1 
to get the producer into good condition. At the end of the fifth Axj 1 
the fuel bed was practically one mass of clinker, and no attempt wm | 
made to undertake another day's run. Graphic 1(^ is pven on 
pa^e 342. 

PiUshirg No. I9A, test 190. — The fuel usetl during this test wast 
Rhode Island graphitic anthra<'ite. It was heavy and hard and ft 
freshly broken surface presented a glossy appearance; it containedt 
lat^e percentage of graphite and one could mark with pieces of ths 
coal as readily as with a pencil. 

Because this fuel ignited slowly, the coke bed was allowed to 
become thoroughly incandescent before any of the graphitic coal wis 
charged, and while the fuel bed was being built up a maximum draft 
was maintained. About an hour after the first charge of coal was 
made the gas burned steadily at the test cock, and although it was low 
in heat value the engine was started. After running about 30 minutes, 
however, on no losil, it stopped, due to the poor quaUty of the gas. 
After the engine was started the draft in the producer decreased con- 
siderably on account of the smalt amount of gas consumed by the 
engine. With this reduced draft the fire died down and the gas 






INVESTIGATIONS AT PITTSBURG. 



343 



i decreased rapidly in heat value. Soon after the engine stopped the 

was discharged into the atmosphere, and with a good draft the fire 

began to improve; the gas, however, was of imsatisfactoiy quality 

some time. The engine was finally started again, and in order to 

Ltain a sufficient draft to produce combustible gas a portion of 

gas was allow^ed to escape through the purge pipe. During the 

xemainder of the day (about 1^ hours) the producer gave no trouble 

a little over half of full load was maintained at the engine. At 

close of the day's run the producer was seemingly in good con- 

 ditrion for the night's shutdown. The fire, however, did not keep, and 

the next morning it was necessary to rekindle it with wood. As is 

' sliown by the graphic log (fig. 245), the results obtained were more 

Batisfactory after the first day's trial. From 1 to 2 hours each mom- 




ICiorht cyHnder: Max. pres^ 143 lb«.. release, 17 lbs. -, M. E. P.. 41.0 Ibe. ; I. H. l\, S4.«. 




Center cylinder: Max. prcs.. 1(8 1I>8. ; release, 18 lbs. ; M. E. P., 4A.8 lbs. : I. II. P., S9.4. 




Left cylinder: Max. pren.. IMi lbs.; release, 16 lbs.; H. E. P., 47J} lbs.; I. U. P., S9.8. 

^OUBE 244.— Indicator cards taken June 9, 1909, 9.26 a. m., during gaa-engine test No. 189, on Pittsburg 

No. 18 coal. Scale of spring, 200; revolutions per minute, 265.0. 

Ing were required to get the producer in condition to generate gas of 
sufficient heat value to start the engine, and at the close of each day's 
run the fire was banked with a good grade of coal in order to hold it 
over night. Throughout the greater part of the test, also, a consid- 
erable portion of the gas was necessarily allowed to escape to the 
atmosphere in order to maintain the required draft. The quantity 
of gas thus wasted was difficult to estimate, and for this reason little 
value can be attached to the figures given in the table (p. 357) for fuel 
consumed per horsepower hour, since no allowance for this waste was 
made. 

Throughout the test the fuel bed increased rapidly in thickness, 
and at the end of the fourth day the producer was completely filled 



FlOVBE 2U.— Oraphlc log ahpel. teat No. IM, ntUburi No. ISA M*L 

The resistance of the fuel bed was not exceesiTe at any time, and few 
shots were made. Throughout the run little trouble was experienced 
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from clinker, althoiigh n considerable quantity formed and adhcrcxl 
finnly to the producer walls. Graphic log is given on page .144. 

A.K. rm. hH. p.H. KW. P.M. Ch. p.k 



FiODBE24e.— OraphJc log sheet, fa^t No. 191, FlIUburgNo. 



PitUburg No. 19A, test 191. — A second test was made on Pittsburg 
No. 19A in an attempt to reduce the waste of gas and tlius obtain 
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with fuel and refuse. One of the characteristics of this graphitic coal 
is that its aah occupies nearly the same volume as the original fuel. 
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from clinker, although a considerable quantity formed nncl adhorod 
firmly to the producer walla. Graphic log is givpn on page 344. 



FiODBI 24S.— Onphle log idiNt, teat No. ISl, PltUbuig No. li 



Pittsburg No. 19A, test 191. — ^A second test was made on Pittsburg 
Xo. 19A in an attempt to reduce the waste of gas and thus obtain 



846 shsuuA of pbodugeb-gas imybbtioations. 

results that would be of more value than those obtained from U^. 
190. Instead of kindling a fire on the coke bed, as in the preceding 
testSy 1 ,000 pounds of the graphitic coal, making a layer 1 foot tluck, 
were first chaiged on top of the coke in the produoer, and then the 
fire was started on top of this. The resolt of this change of pio- 
cedure was satisfactory; gas of sufficient heat vahie to ran the engine 
was generated in about an hour and a quarter from the time of sttit- 
ing the fire, and at the end of the test practically all of the coke vm 
recovered. During the first 3 hours of the test no gas was discharged 
into the atmosphere, and consequently there was no waste, but i( 
the end of this period the fire began to die out and the gas diminiAed 
in heat value. It was evident that the draft in the producer wis too 
low; consequently a portion of the gas was allowed to escape, ind 
soon afterwards the fuel bed was in much better condition and thi[ 
heat value of the gas was considerably higher. 

Throughout the test it was frequently neceesaiy to resort to tia 
method of increasing the draft in order to generate gas of suffidnt 
heat value to run the engine. Nevertheless, the quantity of gas thn 
wasted was much less than in the preceding test, and from the reooHi 
given in the table (p. 352) it may be seen that the fuel consumption vnj 
also much less. On the other hand, the effort to operate wiUi a nuni-, 
mum waste of gas resulted in a much lower average draft than in the 
preceding test, and tlie effect of this was to lower the heat value of the 
gas and consequently to diminish tlie average load which could be 
carried at the engine. 

Tlie thickness of the fuel bed increased rapidh" as in the preceding 
test, but during the last part of the run there was much more clinker 
formed than at any time during test 190. Graphic log ia given on 
page 345. 

Pittsburg No. 36, test 192, — The fuel used during test 192 was a 
Utah coal, which in appearance closely resembled the ordinary grades 
of run-of-mine bituminous coal. It contained a large percentage of 
slack and very small lumps. 

In the producer this fuel burned readily, and with the characte^ 
istic odor of lignite. It showed no tendency to cake, but, on the other 
hand, thoroughly disinte^ated soon after firing, giving the fuel bed 
an a])pearancc not unlike a bed of hot Hand. This coal was exception- 
ally higli in volatile matter, and, although a thick coke bed was pro- 
vided at the beginning of tlie test, a considerable quantity of tar was 
carried over with the gas. The top of the fuel bed was hot at all 
times, but the temperature in the lower portions, and especially in 
the coke bed, were evidently much below normal. The temperature 
of the gas leaving the producer was also lower than usual. 

Although the tar in the gas caused the exiiauster 'to stick at fre- 
quent intervals, at no time during the run did it occasion trouble at 



before the gaa was of sufficiently good quality to operate tha enpne. 
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After the fuel bed was in working condition, however, the gas was of 
fair quality and nearly full load was maintained at the engine. Prac- 
tically no clinker formed during the test. Graphic log is given on 
page 347. 

Pittsburg No. 35 y test 193. — The fuel used during this test, a Wash- 
ington coal, was rather fine, dry, and dusty. There were a few 
lumps, however, up to 4 or 5 inches in diameter, but they were very 
friable and were easily knocked to pieces. In the producer this fuel 
burned freely and without any tendency to cake. The producer 
required constant and careful watching, however, as the fuel bed had 
a tendency to burn through in places, forming channels or chimneys, 
and thus causing wide fluctuations in the quality of the gas. Dur- 
ing the test the fuel bed held fire exceptionally well during the night, 
and each morning after the producer was started, from 10 to 15 min- 
utes were usually sufficient to generate g^ of good quality. 

The engine ran steadily during the greater part of the run and car- 
ried nearly full load. A considerable quantity of clinker formed dur- 
ing the test, but it gave little trouble and was easily removed from 
the walls of the producer. Graphic log is given on page 348. 

Pittsburg No. 62, test lOJ^. — Pittsburg No. 62 was a graphitic anthra- 
cite from Rhode Island, having the same characteristics as Pittsburg 
No. 19A. It behaved in a similar manner in the producer, being 
slow to ignite and requiring a good draft to generate a gas of fair 
quality. As in previous tests with this fuel, a part of the gas was 
wasted during much of the time, and for this reason little value can 
be attached to the figures for fuel consumption per brake horse- 
power-hour giA-en in the table on page 357. This graphitic coal would 
not hold fire overnight in the producer, and in order to avoid reldn- 
ling each morning the fire was banked at the end of each day's nm 
with a good grade of bituminous coal, which held the fire satisfac- 
torily. The coal tlius used was reduced to its equivalent weight of 
graphitic coal and charged against the test. From H to 2 liours 
each morning after starting the producer were required before a gas 
capable of running the engine was generated. Throughout the test 
the gas was rather variable in quality and the load carried was 
somew^hat irregular, as is shown by the graphic log (fig. 249) . A com- 
paratively small amount of clinker formed during this nm. Graphic 
log is given on page 350. 

Pittsburg No. 7U test 195. — Pittsburg No. 71 was a Michigan peat 
which was delivered to the ])ro(iucer platform in lumps 2 to 2\ inches 
in diameter. These lum])s were very firm and appeared to be dry. 
The test was begun in the usual manner, and about an hour after 
the first charge of peat was made the engine was started. Only a 
partial load could be carried at first, but as the fuel bed increased in 
thickness the gas improved in quality, and from time t-o time the load 
was increased until full load was easily carried. 
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Iicated, and the gas-outlet pipe and a portion of the economizer 
became red hot. It was at once evident that unk^ss the combustion 
zone could be transferred from tiie coke to tlie peat a shut-down would 
be necessary. An effort was made to help conditions by shoot- 
ing the fire, but this had little eJOfect. Another method was then 
tried. Several hundred pounds of peat were fed into the producer 
at one tune, and a wood fire wliich was replenished until the peat 
was well ignited was kindled on top of the charge. This process 
worked fairly well ; the highly heated parts of the producer began to 
cool, and in a very short time conditions were normal. For a period 
of about 30 minutes following the rekindling of the peat the gas was 
of poor quaUty and would not bum steadily at the test cock; the 
engine, however, was not stopped, but it became necessary io take 
off most of the load. An hour after the peat was rekindled the gas 
was of good quaUty, and the engine ran steadily and carried full 
load. 

After the producer had run satisfactorily for some time, freshly 
charged ])eat deadened the fire, and the combustion zone again 
descended to the coke bed, causing the heat vafue of the gas to 
decrease. A large quantity of peat was again charged and re- 
kindled with wood, ^-ith practically the same results as before. 
This process was found necessarj'^ every 6 to 8 hours. The fire, once 
well started, would bum down through a body of peat and produce 
a gas of good and uniform quaUty. When the fire was rekindled, 
however, there was a period of about 45 minutes during which the 
gas decreased greatly in heat value, and practically all of the load 
had to be taken from the engine. After a continuous run of about 
35 hours the test was abruptly brought to a close by the breaking 
of one of tlie engine cylinders. The o])erating conditions through- 
out the run were so erratic that the usual computations for a report 
were not attempted. The unusual behavior of the peat in the pro- 
ducer was undoubtedly caused by its high moisture content. 

A saini)le of the ])eat taken at tlie car gave the following proximate 
analysis: Moisture, 57.16 ])er cent; volatile combustible matter, 
25.02 j)er cent; ilxod carbon, 11.23 ])er cent; ash, 6.59 per cent. 

A second run was made upon this peat, but without the engine, 
the gas being metered and sampled and then burned. During the 
interval of about 8 weeks between the two nms, the peat was stored 
undercover. As a result, the peat was much drier during the second 
run, but in the ])roducer, it behaved much the same as previously, 
and the fire was necessarily rekindled from time to time in the same 
manner as during the iirst run. A continuous test of over 50 hours 
was made, and except for brief periods at the rekindling of the fire 
the gas was of good quality. The report of the test is based upon 
the second run, as is also the graphic log. Graphic log is given 
on page 350. 
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log of 131 

results of 273, 279, 285, 291 , 297, 303, 309 

379 
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Bevier, Mo., coal from, test of, dMcription of 141 

log of 109 

Tusiiltsof 274,280,289,292,298,304,310 

BiblicMiniphy 359-378 

Biff Black Mountain, Ky., coal from, test of, deecription of 136 

h*of le? 

results of. 274,280,286,292,298,304,310 

Big Sandy, W. Va., coal from, teetof, description of 219 

log of 218 

reeulUoL 276,282,280,294,300,307,312 

Bildt automatic feed, description of 22 

Bituminous coal, producer gas from, comnosition of 14, 11 

jyiela of 46 

snlphtte of anmionia from, yield of 67 

use of as gas-producer fud 11«27, 89-^,41,42 

Blast, air and steam in, control of 46 

distribntion of 50,51 

Blast-furnace gas, heat value of 69 

utilisation of 69 

Blacksburg, Va., coal from, testof, description of 212 

log of 208 

results of 276,282,288,294,360,906,312 

Bone coal, test of, description of S29, 331, 342 

log of 329,330,831,342 

results of 352-358 

use of as gas-producer fuel 10,41 

Boonville, Ind., coal from, test of, description of 123 

log of 153.154 

results of 273,279,285,291,297,303,309 

Bradley, Ohio, coal from, test of, description of 174 

log of 178 

result«iof 275,281,287,298,299,905,311 

Brake horsepower, determination of 267 

Brazil coal, testof, description of 106 

log of no 

results of 272,278,284,290,296,302,308 

Bretz, W. Va., coal from, test of, description of 216 

log of 214 

results of 276,282,288,204,300,306,312 

Bridger, Mont., coal from, test of, description of 170 

log of 171 

results of 274,280,286,292,298,304,310 

Brown-ooal briquets as producer fuel 39, 42 

Bruce, Pa., coal from, test of, description of 184 

log of 1 90 

ret«ultsof 275,281,287,293,299,305,311 

Bureau of Mines, work of 1 

By-product ovens, i;ras from, utilization of 69 

By-products, recovery of 65-69 

C. 

California coal, test of, des< ription of ^ . 107, 108, 338, 342 

results of 272,278,284,290,2^,302,308,352-358 

Calorific value of fuels tested 8 

determination of 261 

producer pas 46 

Calvert, Tex., coal from, test of, description of 334 

log of 334 

resul t s of 352-^58 

CAmbria, Wyo., (roal from, test of, description of 225 

log o f ^ 226 

results of 277, 283, 2^9, 295, 301, 307, 313 

Carb<jn dioxide, excess of, in producer gas 17 

formation of, in gas producer 14, 15 

heat value of 321 

percentage of, in producer gas 14, 16, 29 
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Cairboh Hill, Ala., coal from, test of, description of 103 

log of 104 

resultaof 272,278,284,290,296,302,308 

Gfairbon monoxide, formation of, in gas producer 15, 19 

heat value of 821 

percentage of, in produced sfls 14, 16, 29 

C^urterville, 111., coal from, teet of, description of 112 

log of 126, 127, 128, 130 

results of 273. 279, 285, 291, 2l97, 308, 309 



C6hient burning, producer gas for 36 

~ heating pu 
po#elr puut 
Central City, Ky., coal from, test of, description of 137 



produ 

Centrid heating plants, advantages of 11 

Central po^elrplfluats, ^vintages of 12 



log of 168 

results of 274, 280, 286, 292, 298, 304, 310 

C^tralia, 111., coal from, test of, description of 114 

log of 135,136 

results of 273,279,285,291,297,303,309 

C^uumeling of fud bed, cause of 50 

Canircoal as ga»-producer fuel 21, 37 

Charlek)!, Pa., coftl from, test of, description of 190 

log of 191 

results of 275, 281, 287, 293, 299, 305, 311 

Charleston, W. Va., coal from, test of, description of 223 

log of 225 

Results of 277, 283, 289, 295, 301, ^, 311 

Clarldii, Ohio, coal from, test of, description of 180 

log of 182 

results of 275,281,287,293,299,305,311 

Cleaning of produce gas 19,26,27,81 

Cfifty, Tcorti., coal fh)m, test of, description of 204, 207 

log of -. 201, 202 

results of 275, 281, 287, 293, 299, 305, 311 

Clinker, formation of, in producer 37 

removal of, from producer 61 

Coal, consumption of, as related to calorific value, figure showing 76 

consumption of, in New England 2 

constituents of 13 

use of, as gas-producer fuel 11, 15, 21, 37 

wa^te of, in mining 10 

Coal gas, propertiesof 13 

Cow tested, classification of 5 

sulphur content of 81 

Coalville, Utah, coal from, test of, description of 346-349 

log of .347 

results of 352-358 

Coffeen, 111., coal from, test of, dewription of 109 

losfof 118 

resultfl of 272, 278, 284, 290, 296, 302, 308 

Coke as producer fuel 14, 21, 38, 46 

dennition of .' 13 

in ashes, loss of heat in 65 

in fixing bed, determination of 260 

test of, description of 226 

log: of 232 

results of 277, 283, 289, 295, 301, 307, 313 

Coke breeze, test of, defx-ription of 226 

log of 233 

rc^ultsof 277,283,289,295,301,307,313 

Coke-oven gas, utilization of ^ 69 

Collinsville, 111., coal from, teet of, description of 110 

log of 1 20, 121, 1 22 

results of 272, 278, 284, 290, 296, 302, 308 

Colorado coal, test of, description of 108 

resultsof 272,278,284,290,296,302,308 

Compression in gas engines, control of 32 
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Combustible, detenninatkm of 258,280 

in refuse, determinatkm of 280 

percentage of 255 

Constant-head dexice, figure showing ^ S18 

Conservation of fuels, gas producer as fM:tor in 10 

CiabOichard, Va., coal from, test of , desciiption oL 211 

log of. • 205 

lesttltoof 27«,283,288,294,300,S06,S12 

Cranston, R. I., coal from, test of , description of 100 

Oreiffhton. Pa., coal from, test of, description of 102 

^ logof 1»2,103 

resultoof 275, 281, 287.288,299, 395, 311 

D. 

Danford. Ohio, coalfirom, test of , description of 180 

• logof.. 181 

resuluof 275, 281, 287, 298, 299, 806, SU 

Darby, Va., coalfirom, test of , description of 211 

logof 208 

lesultaof 278,282,288,294,300,806^312 

Davis, C. A., work of 87 

Davy, W. Va., coal from, test of, description of. 229-231 

logof 234 

rceultsof 277,283,289,295,301,807,313 

Derryhale, W. Va., coal from, test of, description of 248-255 

logof.. 249-250 

resultoof 277,283,289,295^301,307,813 

Dixie, Ohio, coal firom, testof, description (rf 180 

logof 182 

resultoof 275,281,287,293,299,306,311 

Dolomite, Ala., coal from, test of, description of 104 

logof 106 

resultoof 272,278,284^290,296,302,308 

Donkviile, lU., coal from, testof, description of 110 

logof 140 

resultoof 273,279,285,291,297,303,300 

Down-draft producer, ash in, removal of 61 

detailflof 57-60,322 

economizer for, view of 32 

fuels for 40 

gas fn^m, composition of 16,29 

operation of 28-32,321-323 

tar in gas from 28,29,54 

use of, in United States 54 

view of 28,32 

Dugger, Ind., coal from, test of, description of 120 

logof 157 

resultoof 273,279,285,291,297,303,300 

E. 

East Mille»bon), Pa., coal from, test of, description of 184 

logof 187,188 

resuUs of 275, 281, 287, 293, 299, 305, 311 

E<*onomizer, description of 25, 317 

view of 32 

EfRciency of producer, definition of 63 

determination of 269 

relation of, to fuel 66 

Ehrenfeld, Pa., coal from, test of, description of 184 

logof 189 

resultoof 275,281,287,293,299,305,311 

Electrical horsepower, determination of 267 

Elizaljeth City, N. C, peat from, test of, description of 328-329 

logof 353 

reeulto of 352-358 
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Ellsworth, Pft., coal from, tests of, deecription of 184 

log of 186 

results of 276, 281, 287, 293, 299, 305, 311 

Engine data in tests, determination of 265 

Ethylene in producer gas, percentage of 14, 29 

Evuporation, apparent, calculation of 123 

F. 

Feeding devices for producer, description of 22, 62 

Femald, R. H., work of 80 

Firing of gas producers, mechanical devices for 22, 62 

Fixing b«i, coke in, determination of. 260 

Floriaa peat, tests of, description of 109 

log of 115 

results of 272, 278, 284, 290, 296, 302, 308 

Foige work, producer gas for 36 

Fud, charging of, at Pittfibur|; plant 317 

combustible in, determination of 259 

consumption of, as related to calorific power of, figure showing 43 

in ^ producers 44, 45 

charged, weight of, items showing 257, 259 

Fuel bed, chilling effect of steam on 15, 18 

cleaning of 30 

depth of, effect of 46, 50 

manipulation of 130, 323 

reactions in 14, 15, 19 

shooting of, effects of 30, 323 

method of 30, 323 

Fuels, for gas producer 37, 42 

sas yield of 46 

high-ash, tests of, results of 41 

low-grade, as gas-producer fuel 42 

tested, calorific value of 8 

classification of ^ 5 

G. 

Gary, W. Va., coal from, test of, description of 222 

log of 224 

results of 277,283, 289, 295, 301, 307, 313 

Cras. See Blast-furnace gas, coke-oven gas, Uluminating gas, natural gas, pro- 
ducer gas. 

Gas engine at St. Louis, description of 26 

at Pittsburg, description of 319 

compression of gas in, control of 32 

for suction plant, operation of 20 

four-stroke, cycle of, figure showing 20 

eas for, cleaning of 51 

large, use of 69 

preignition in 32 

strength of, importance of 33 

Gas-engine data, determination of, in testa 265 

Cras holder, description of 26 

use of 27 

Gas horsepower, definition of 265 

Gas producer, an agent of conservation 2 

as factor in smoke elimination 10-11 

capacity of 42-46 

overrating of 44 

consumption of fuel m, figure showing 43, 76 

consumption of fuel in, rate of 45 

definition of 13 

development of, in United States 54 

eflSciency of 11, 63-65 

as related to heat value of fuel, figure showing 66 
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GUs producer, fuel bed in, depth ol H 

fuels for-v -* lS»S7-« 

oriMcterof 45 

heating of buildingB by 11 

heat loasee in operation of U-M 

honepower of tt-44 

mechanioal etoki ng devices for 61 

period ot operation of, lengA of 11 

rate of fuel consumption in 44 

rating of 42, 4S 

requirements of 71 

smoke from U 

use of, benefits from 11 

utilisation of low-grade fuel in t 

investigations at St. liouis, reasons for 79 

results of S 

classes of 3 

results of 10 

plant, advantageous arransement of 79 

at Norfouc, economlker in, figure Showing 108 

elevation of , figure showing 84-91 

water seal in, figure showing 97 

at.Pittsbuig, cleaniag-of gas at «.. |n 

description of S15-8S1 

elevation of , figure showing 319 

E'pment of 315 
of , figure showing 315 
riptionof 21-46 

elevation of, figuieihowing 84 

plan of , figuro showing IS 

Gas-producer plants at mines, possible distribution of energy by 18 

by-products of, field for 65 

increase of, in United States, figure diowing 74 

labor required at 90 

recent development of 78 

size of, in the United States, figure showing 75 

types of 17 

Gas-producer tests at Norfolk 228-257 

at Pittsburg 315-a51 

at St. Louis 100-227 

combustible and refuse in, dietermination of 258-260 

economic results of, determinatiop of 269 

eiBciency values in, detiermination of 269 

fixing bed in, coke in, determination of 260 

fuel charged in, determination of 257 

weight of 259 

gas consumed in, measurement of 262, 263 

in, calorific value of, determination of 261 

produced in, determination of 262 

pressures in, determination of 264 

reports of, forms for 91-100 

results of, items in 257-271 

steam used in, determination of 269 

tar in, determination of 271 

vaporizer water in, amount of 264 

Gas-sampling apparatus, figure showing 321 

Gatliff , Tenn. , coal from, test of, description of 202 

log of , 197 

results oif 275, 281, 287, 293, 299, 305, 311 

Geological Survey, United States. See United States Geological Survey. 

Germantown, 111. , coal from, test of, description of 121 

logof 160 

results of 273,279,2815,291,297,303,309 

Glenalum, W. Va., coal from, test of, description of 221 

logof 222 

zesultsof 27i5, 283, 289, 295, 300, 307, 313 
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GfMDBbiiig, P&., coal fzom, test of, deecription of 184 

logo! 186 

resultBof 275, 281, 287, 293, 2^9,305,311 

H. 

Halifax, MasB., peat from, teet of, description ot 137-141 

^ Ihgot!:.... ^ 169 

results of 274, 280, 286, 292, 298, 304, 310 

Hanna, Wyo., coal from, description of 22^4-225 

log. of .' 229 

restdteof 277, 2^, 289^ 295, 301, 3^)7, 313 

Hartwell, Ind., coal from, test of, description of ? 129 

log of :.. 158 

results of 273, 279, 285, 291, 297, 303, 309 

Hastings, Pa., coal from, test of, description of 195 

log of 194 

results of 275,281,287,293,299,305,311 

Heat equivalent per minute of horsepower developed 261 

losses in eas producer, sources oi 64 

Heating of buildings, use of gas producer for 11 

Henryetta, Ind. Ter., coal from, test of, description of 134 

log of 163 

remiltsof 273,280,285,291,297,303,309 

Herrin, 111., coal from, test of, description of 114 

log of 138 

results of 273, 279, 285, 291, 297, 303, 309 

Hig^-ash fuels, tests of, results of 41 

use of in Europe 42 

Horsepower, brake, determination of 267 

electrical, determination of 267 

of gas produceis 42-44 

per minute, heat equivalent of 261 

Hoyt, Tex., coal from, test of, description of 209 

log of 203 

resulte of 275, 281, 287, 293, 299, 306, 311 

Huff, Pa., coal from, test of, description of 197 

log of 196 

results of 275, 281, 287, 293, 299, 305, 311 

Huntington Creek, Utah, coal from, test of, description of 210 

log of 205 

results of. . 275, 282, 288, 294, 299, 3O0, 312 

Hydrogen in producer gas, formation of 15 

heat value of 321 

percentage of 14, 17, 29 

Hymera, Ind., coal from, test of, description of 124-126 

log of 154, 156 

results of 273, 279, 285, 291, 297, 303, 309 

I. 

Illinois coal, aiialvsis of 116 

pixKiucer gas from, analysis of 116 

tar from, yield of 117 

test of, description of 109-123, 342 

resultsof 272,278,284,299,29^,302,308,352-358 

Illuminating gas, heat value of '. 35 

properties of 13 

Indiana coal, test of, description of 123-134 

resultsof 27^279,285,291,297,303,309 

Indian Territory coal, test of, description of 134 

results of 273, 279, 285, 291, 297, 303, 309 

lone, Cal., coal from, test of, description of 338 

log of 339 

results of 352-358 

Iowa coal, test of, description of " 135 

results of 274, 279,285, 291, 297, 304, 309 

Iran, manufacture of, us6 of producer gas in 33 
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J. 

Jewett, Kans., coftl from, test of, mulls of 274,280,288,292,296,804,310 

K. 

Kansas coal, teat of, description of 191 

resultsof 274, 280, 288, 292, 208, 301, SIO 

Kemmerer, Wyo., coal from, test of, deacriptioii of 225-^ 

log of 2S1 

reanltsctf 277, 283, 289, 298» 801, 307.313 

Kentiickycoal, test of, description of 135-UT 

resultsof 274,280,288,292,208,304,810 

Kingmont, W. Ya., coal from, test of, description of 2U 

log of : 213 

resultsof 278, 282, 288» 294, 800, 30^,311 

L. 

Lackawanna Steel Co.. gas engines of, horsepower of 01 

Lafayette, Colo., coal from, test <rf, description of 101 

logof 114 

resultsof 272,278,284,290,296,801,801 

Lampb lack , formation of 30, 64 

removal of 54 

La Salle, 111., coal from, test of , description of 114-115 

logof • 137 

resultsof 273,279,285,291,297,803,300 

Lehigh, Ind. Ter., coal from, test of, description of 134-135 

logof lOS 

resultsof 273,280,288,291,297,303,800 

Lehigh, N. Dak., coal from, test of , description of 170^336-330 

logof 173.336 

resultsof. 274,281,286,292,298,804,310,362-858 

Lester, Ark., coal from, test of, description of 106 

logof 100 

resultsof 272,278,284,290,298,308,308 

Liberty, Iowa, coal from, test of, description of 135 

logof 104 

resultsof 274,280,285,291,297,304,300 

Lignite as gas-producer fuel 2, 10, 11,39 

consumption of, in gas producer 45 

producer gas from, composition of 14, 16 

yield of 46 

Ligonier, Pa., coal from, test of, description of 184 

logof 189 

resultsof 275,281,287,203,299,305,311 

Lime burning, producer gas for 36 

Lincoln, 111., coal from, test of, description of lOO-llO 

logof 118 

resultsof 273,279,285,291,297,303,309 

Linton, Ind., coal from, test of, description of 132-133 

logof 160,161 

results of 273, 279, 285, 291, 297, 303, 809 

Littles, Ind., coal from, tost of, description of 127 

logof 156 

results of 273, 279, 285, 291, 297, 303, 309 

Livingston, 111., coal from, test of, description of 122 

logof 162 

resul ts of 273, 279, 285, 291, 297, 303. 809 

I^w-grade coals, use of 2, 10, 40 

Lytle, Tex., coal from, test of, description of 333-336 

log of 335 

results of 352-358 

M. 

Macksville, Ind., coal from, test of, description of •. 127-129 

log of 157 

resultsof 273,279,285,291,297,303,809 
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Madison, Pa., coal from, test of, description of 326-328 

log of 328 

results of 352-358 

Marion, 111., coal from, test of, description of 109 

lOROf 116 

results of 272, 278, 284, 290, 296, 302, 308 

Marietta, Pa., coal from, test of, description of 324--325 

log of 219 

results of 352-358 

Marsh gas. See Methane. 

Maryville, 111., coal from, test of, description of 119 

log of 148 

results of 273, 279, 285, 291. 297, 303, 309 

Massachusetts peat, test of, description of 137 

results of 274, 280, 286, 292, 298, 304, 310 

Metalluigical producer-gas plant, figure showing 34 

Metallurgical work, producer gas for 17, 33, 51 

Methane in producer gas, p^entage of 14, 29 

Michigan p«it, test of, description of 349-351 

log of 350 

results of 352-358 

Midland, Ark., coal from, test of, description of 105 

log of 107 

results of 272, 278, 284, 290, 296, 302, 308 

Mildred, Ind., coal from, test of, description of 123 

log of 153 

results of 273, 279, 285, 291, 297, 303, 309 

Missouri coal, test of, description of 141 

results of 274, 280, 286, 292.. 298, 304, 310 

Mineral City, Ohio, coal from, test of, description of 18 

log of 183 

results of 275, 281, 287, 293, 299, 3a5, 311 

Mixed gas, definition of 14 

Montana coal, producer-gas from, composition of 14 

test of, description of 141 

results of 274, 280, 286. 292, 298, 304, 310 

Mond gas plant, description of 68 

view of 68 

Monongahela, W. Va., coal from, test of, description of 221 

log of 221 

results of 276, 282, 287, 295, 800, 307, 312 

N. 

Natiual ea.*?, heat value of 35 

Neffe, Ohio, coal from, test of, description of 174-180 

log of 181 

results of 275, 281 , 287, 293, 299, 305, 311 

New Baden, 111., coal from, test of, description of 121 

log of 150 

results of 273, 279, 285, 291, 297, 303, 309 

New Mexico coal, tests of, description of 170 

results of 274, 280, 286, 292, 298, 304, 310 

New River field, coal from, test of, description of 236-255 

producer gas irom, analysis of 252 

test of, results of 277, 283, 289, 295, 301 , 307, 313 

Nitrogen in producer gas, effect of 17 

percentage of 14, 29 

Norfolk, gas-producer plant at, description of 82-90 

elevation of, figure showing 84, 86 

personnel of 80 

producer-gas invosti^tions at 228-314 

North Carolina peat, test of, description of 328 

results of 352-358 

North Dakota coal, test of, description of 170-176, 336-339 

results of 274, 281, 286, 292, 298, 304, 310, 352-358 
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Ohio coal, teet of , deBcription of 174,180^184 

remiltflof 275, 281, 287, 2S3, 289, 805, 3U 

Oliver Springs, Teim., coal from, test of, depcnptkii 9I 8P2 

log of 1« 

ramiltooL.... 275, 281, 287, 283, 298, 305, 3U 

OLfOQ, Tex., coal from, test of, deBcriptioi^ of 20^210 

logof 204 

resultBof 275, 281, 287, 293, 299, 306, 3U 

Ore roaati^, producer gaa ior ^ 

Orlando, FUt., peat from, test of, descriptioii of 109 

log of 115 

roBultsof 272,278,284,290,298,302,306 

Oxygen in producer gas, percentage of 1\17,29 

P. 

Page, W. Va., coal from, tent of, deKiiptionof 219 

logof a9 

results of 276,282,288,294,300,306,312 

Paintsville, Ky., coal from, tent of, description of 136-137 

logoL 168 

resultsof 274,280,288,292,298,304,310 

Paisley, 111., coal from, test of, description of Ill 

logof r. 123 

resultsof 272,278,284,290,296,302,308 

Peat, as gas-producer fuel 2, 10, 27, 39 

producer-gas from, composition of 16 

yield of 16,46 

sulphate of ammonia from, yield of 67 

test of, resultHof.. . . 272, 

274, 278, 280, 284, 286, 290, 292, 296» 298, 302, 304, 308, 310, 352-358 

Pennsylvania coal, test of, description of 184, 190, 195, 197, 324, 328, 328, 329, 384 

resultsof 275^ 281, 287, 29^ 299« 305, 311, 352-358 

Petros, Tenn., coal from, test of, description of 202 

logof 199 

re9ultsof 275,281,287,293.299,305,311 

Pittsburg, Pa., gas-producer plant at, description of 315--321 

economizer in, deecription of 317 

<'Ie vation of, figures snowing 315 

equipment of 315 

pen«onnel of 315 

testfl at, de«9cription of 324-351 

PrK-ahontaH, Va., field, <fial from, test of, description of 229-236,329,332 

resultsof 352-358 

Portsmouth, R. I ., nml from, test of, description of 349 

logof 350 

results of 352-^358 

Powelltoii, W. \'a. , f *>al from , t«v»t of, description of 217 

log of 216 

resultsof 276,282,288,294,300,306,312 

Prei^ition in pin en^nnen 32 

PresHuro gas-produrer plant, cleaning of gsis from 27 

(ler»oription ot 22-26» 57-69 

field of 26 

fuels for, range of 40 

KBs yields from fuels for 46 

modifications in 27 

operation of 60-61 

rreflsures in gas-producer tests, determination of •• 264, 321 

Producer gas, analysis of j method of 320 

applications of 17, 33 

calorific value of 14^ 4j6, 252 

central plants for manufacture of 36 

cleaning of 19,26,27,50,51,69,81,317 

composition of 14, 16, 252 
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Producer gaa, compresBion of, in gas engines, cont .x>l of 32 

cooling of 50, 52 

definition of 13 

distribution of 70 

for boiler heating 36 

cement burning 36 

engine use 51 

forge work 36 

lime bumine 36 

metallurj^cal work 33, 51 

ore roasting. 36 

power, reliability of 35 

formation of 13, 15 

from bituminous coal, composition of 14 

down-draft producer, composition of 29 

Illinois coal, composition of 116 

lignite, composition of 14 

New River coal, composition of 252 

fuels for, moisture in 49 

heat value of 35 

determination of 320 

lampblack in, removal of 54 

quality of, factors affecting 48-51 

sampling of 321 

Bulpnur in, removal of 81 

tar in, conversion of 53 

removal of 51-52 

use of 53 

types of 14 

yield of, as related to heat value of fuel, figure showing 47 

rate of firing, figure showing 44 

from bituminous coal 46 

lignite 46 

peat 46 

See Gas producer. 

Producer-gas engine conditions, special 32 

Producer-gas investigations, benents of 2 

plan of 1 

purpose of 1 

reasons for 79 

reports relating to 3 

results of 2, 6 

Producer-gas plant at Norfolk, economizer in, figure showing 102 

elevation of, figure Hhowing 84, 86 

personnel of 80 

water peal in, figure showing 87 

at Pittsburg, description of 315-321 

figure showing 315 

purpose of 315 

at St. Louis, aescription of 21-26 

figures showing 23, 24 

personnel of 80 

use of low-grade coals in 40 

for metallurgical work, figure showing 34 

Producer-gas plants, details of 56-60 

development of 72 

increase of in United States, figure showing 74 

labor required at 55 

number of 73 

size of 75 

types of 17 

Producer-gas tests, conditions governing 100-103 

description of 228-257, 324-351 

fonnH for reports of 91-100 

items from, summary of 6 

87080°— Bull. 13—11 26 
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Phxlucer nhell, jacketing of 64 

Purifier, descnptioa <rf H 

use of at ga0-producer plants 27,81 

R. 

Randall. D. T., work of 80 

Red Lodge, Mont., coal from, test of, description of 141 

log of m 

resultsof 274, M), 186,202,296, 304, 3» 

Refuse, combustible in, determination of 200 

determination of 2S6 

Ronton, Wash., coal from, test of, description of 213-214 

log of 210,211,212 

foaultsof 270, 282,286, 204, 300,801, 312 

Rhode Island coal, test of, description <rf 190,342-3# 

resultsof 36M58 

Richlands, Va., coal from, test of, description of 213 

log of 200 

resultsof 276,282,286,204,200,300,312 

Rock Springs, Wyo., coal from, description of 220 

log of 290 

resultsof 277, 288, 288, 20S, 301, 307.313 

Rockdale, Tex., coal from, test of, description of 331-332 

log of 332 

resultsof 352-356 

Roslyn, Wash., coal from, test of, description of 214 

log of 212 

resultsof 276,282,288,204,900,306.312 

Rush Run, Ohio, coal from, test of, description of 174 

log of 17f 

resultsof 276,281,287,203,200,906,311 

Rush Run, W. Va., coal from, test of, description of 236-242 

logof 230 

results of 277,283,280,205,901,907,313 

S. 

St. Txmis, gas-producer plant at, description of 21-26, 80-32 

figures nhowing 23, 24 

perHonnel of 80 

tar extractor ol, fipure showing 81 

tcstsat, resultMof 6,8,272-307 

Scranton, X. Dak., roal from, description of 939-342 

logof 340 

resultsof 352-358 

R('ni>)hor. dcw^ription of 19, 25, 81, 317 

Swlyvillo, Ind., coal from, test of , description of 123 

logof 153 

reHultsof 273,279,285,291,297,303,309 

Rowell, W. Va. , coal from, test of, desc^ripHon of 242-248 

logof 242 

results of 277, 283, 289, 295, 301, 307, 318 

Shawnoo, Ohio, coal from, test of, description of 174 

log of 177 

resultsof 275,281,287,293,200,905,311 

Sh<»rrard, 111., coal from, description of 342 

logof 342 

resultsof 352-358 

Shiloh, 111., coal from, test of , description of 123 

logof 152 

results of 273, 279, 285, 291, 297, 303, 309 

ShcK>tinR fuel bod, method of 30 

effects of 223 

Smoke, elimination of 10 

sas producer as factor in 11 

Soot in gas producer, disadvantages of 41 
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South Stafford^ire Gas Co., plant of, view of 68 

Spadra, Ark., coal from, tent of, description of 105-106 

log of 108 

results of 272, 278, 284, 290, 296, 302, 308 

Springfield, 111., coal from, test of, description of 113-114 

log of 133 

results of 273, 279, 285, 291, 297, 303, 309 

Staunton, 111., coal from, test of, description of Ill 

log of 124 

results of 272, 278, 284, 290, 296, 302, 308 

Steam, consumption of, determination of 269 

decomposition of, in ^ producer 15 

distribution of, losses in 70 

fuel equivalent of 269 

geneiator for down-draft plant, view of 32 

use of, in gas producer 14, 48, 49 

Steel, manufacture of, use of producer ga« in 33 

Stokmg of gas producers, devices for 62 

Straight Creek, Ky., coal from, test of, description of 135-136 

log of 166 

results of 274, 280, 286, 292, 298, 304, 310 

Suction gas producer, clinker in, formation of 37 

Suction gas-producer plant, advantages of , 20, 55 

cost of 38 

details of 17-21, 6^-60 

fuels for 21, 37-40 

labor required at 55 

operation of 18-19,60 

size of 21 

tar in gas from 21 

view of 18 

Sulphate of ammonia, recovery of 65 

yield of, from bituminous coal 67 

from peat 67 

Sulphur in coals tested, percentage ot 81 

producer gas, effect of. 81 

removal of 26-27 

Sun, \V. Va., coal from, test of, description of 216 

log of ^215 

results of 276, 282, 288, 294, 300, 306, 312 

T. 

Tar, from Illinois coal, yield of 117 

in fuel gases 14 

producer gas 15, 21 

loss of heat value in 28 

recovery of, at gas-producer plants 53 

removal of, from producer gas 51-52 

use of, in Europe 52 

weight of, determination of 271 

Tar extractor, description of 26 

view of 81 

Tar vapors, conversion of, in gas producer 28, 29, 53, 54 

in producer gas 15 

Taylor gas proaucer, description of 21-26 

Temperatures, in gas-producer tests, determination of 265, 321 

Tennessee coal, test of, description of 199,207 

results of 275, 281, 287, 293, 299, 305, 311 

Terre Haute, Ind., coal from, test of, description of 127 

logof 156 

results of 273, 279, 285, 291, 297, 303, 309 

Tests. See Gas-producer tests. 

Tesla, Cal. , coal from, test of, description of 107-108 

lo^of 112 

results of 272, 278, 284, 290, 296, 302, 308 
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Texas coal, teat of, description of 207, 200, 210,333 

resultaof 27^ 281, 287, 293, 299, 300, 811, 35^-358 

Tom*8 Creek, Va., coal from, teat of, description of 211 

kg of 207 

resultaof 276,282,288,294,300,306^312 

Tono, Wash., coal from, test of, description of 3tt 

log of 350 

results of 352-356 

Troy, 111., coal from, test of, description of 100 

log of 117 

results of 272,278,284,290,200,302,306 

U. 

United States Geological Survey, producer-gas investigations of, diacasBion of. 1-9 

plan of. 5 

reasons for. . . 79 
reports on.... 3 
resultsoL.... 10 

Updraft pri»8Bure producer, description of 21-26 

gas from, composition of '. 16 

jrieldof 46 

Utah coal, test of, description of 210,346 

results of 275,282,288,204,299,906,312,352-358 

V. 

Van Ilouten, N. Mex., coal from, test of, description of 170 

log of 172,173 

results of..... 274,280,286,292,298,304,310 

Virginia City, Va., coal from, test of, description of 211-213 

log of 234 

resultsof 276,282,288,294,300,306,312 

Virginia coal, tests of, description of 211-213,228,329-330 

resultsof 270,282,288,294,300,306,312,352-358 

Volatile matter, distillation of 15 

W. 

Waldennia, Tenn., coal from, tcflt of, description of 202 

log of 200 

results of 275, 281, 287, 293, 299, 305, 311 

WalHton, Pa., coal from, test of, description of 334-336 

log of 335 

rcBults of 352-358 

Wa^hin^ton coal, test of , description of 213,214,349 

results of 276, 282, 288, 294, 300, 306, 31 2, 352-358 

Washerv refuBc, test of, doacription of 227, 334, 338 

log of 335,340 

results of 277, 28:J, 289, 295, 301, 307, 3lJ 

Water, consumption of, in tests 204 

meaeurinj? of. at Pittsburg plant 321 

Water gas, definition of 14 

fonnation of, in paa producer 30 

Water rheostat at Norfolk, figure showing 85 

Water seal at Norfolk, figure showing 87 

Wohrum, Pa., coal from, teet of, descript ion of 195 

loj? of 193 

results of 275, 281 , 287, 293, 299, .HOo, M I 

We.'<t Frankfort, 111., coal from, test of, dt*:«cTiption of 1 11-112 

logof 125 

results of 273, 279, 285, 291, 297, 303, 309 

\Vef»t Mineral, Kans., coal from, test of, description of 135 

logof m 

results of 274, 280, 286, 292, 298, 304. MO 
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West Virginia coal, priKlucergaa fn>m, analysis of 252 

teat of, description of 22^255 

results of. . 277, 283, 289, 300, 301, 306, 307, 312, 313, 352, 358 

White, Pa., coal from, tost of, description of 195-197 

log of 195 

results of 275, 281, 287, 293, 299, 30r>, 311 

Wilder, Tenn., coal from, teet of description of 204 

log of 200 

results of 275, 281, 287, 293, 299, 305, 311 

WiUiston, N. Dak., coal from, test of, description of 173-174 

log of 175,176 

results of 275, 281, 287, 292, 298, 304, 310 

Wilton, N . Dak., coal from, test of, description of 174 

log of 176 

results of 275, 281, 287, 293, 298, 305, 311 

Wootters Station, Tex. , coal from, test of, description of 207-209 

log of 203 

results of . . . . 275, 281, 287, 293, 299, 306, 31 1 

Wyoming, coal from, test of, description of 223-226 

results of 277, 283, 289, 295, 301, 307, 313 

Z. 

Zeigler, 111., coal fn>m, test of, description of 1 15 

log of 140,141 

results of 273, 279, 285, 291, 297, 303, 309 

Zenith, W. Va., coal fn)m, test of, description of 217-219 

log of 217 

results of 276, 282, 286, 294, 300, 307, 312 
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